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CHAPTER   LXXIV 

THE  INTESTINE 

Secretions  and  Excretions  poured  into  it. 

848.  Much  less  is  known  of  intestinal  indigestion  than  of  the 
■corresponding  condition  in  the  stomach.  The  reason  of  this  is 
that  it  is  impossible  to  withdraw  the  contents  for  purposes  of 
examination. 

InUstiiial  Ferments. 

849.  There  appear  to  be  several  ferments  contained  in  the  succus  entericus  of 
the  small  intestine.  One  of  the  chief  of  them  has  the  property  of  converting  maltose 
into  grape-sugar.  Another  transforms  cane-sugar  into  invert-sugar,  a  mixtui'e  of 
equal  parts  grape-sugar  or  dextrose  and  fruit-sugar  or  laevulose.  It  does  so  by 
<;a using  the  cane-sugar  to  absorb  water. 

i^iaHsjOii  +  2H2O  =  C12H24O12  +  C12H24O12 
Saccharose.    Water.     Dextrose.      LiKVulose. 

Invert-sugar  is  therefore  a  more  highly  hydrated  substance  than  cane-sugar. 

There  also  appears  to  be  a  weak  diaatatie  ferment  and  one  which  acts  slightly 
upon  proteids.  It  has  also  been  asserted  that  the  juice  of  the  small  intestine 
emulsifies  and  partly  breaks  upfais.     This,  however,  is  disputed. 

Little  is  known  of  the  effect  of  diminished  secretion  of  the  succus  entericus. 

Pancreatic  Ferments, 

850.  The  jtancreatic  secretion  is  particulaiiy  rich  in  ferments.  It  used  formerly 
to  be  thought  that  the  various  functions  subserved  by  it  were  due  to  a  single  fer- 
ment. That,  a.s  is  now  well  known,  is  not  the  case.  The  secretion  from  the  pan- 
creas possesses  several  ferments,  each  having  a  special  action.  There  is,  firstly,  a 
jrroteid  solvent  named  trypsin  (pancreatic  pepsin)  ;  secondly,  there  is  pancreatic 
diastase  alike  in  its  action  with  that  found  in  the  saliva ;  thirdly,  according  to 
Roberts,  there  is  a  milk-curdling  ferment ;  and  fourthly,  there  is  a  ferment  which 
emulsifies  and  partially  saponifies  fats. 

The  use  of  the  pancreatic  secretion  is  mainly  to  supplement  and  complete  the 


516  THE  IXTESTIXE  part  iv 

hydrolytic  processes  commenced  in  the  mouth  and  stomach.  The  starcli  which 
escapes  being  converted  into  maltose  by  the  saliva  has  a  second  opportunity  of 
being  transformed  by  it  in  the  small  intestine  ;  and  proteid  matters  which  are  not 
thoroughly  peptonised  in  the  stomach  are  again  subjected  to  the  action  of  the  pan- 
creatic i»epsin  known  as  trypsin. 

The  fats  are  not  only  emulsified  in  the  small  intestine,  but  a  large  proportion  of 
them  ifl  decomposed,  whereby  the  glycerine  and  fatty  acids  are  separated.  A  similar 
fat-decomposing  function  apparently  exists,  but  in  minor  degree,  as  already  described 
(p.  472),  in  the  secretion  of  the  stomach.  Bernard  (Xo.  455,  ii.  p.  346)  held  that 
the  cause  of  the  emulsification  was  the  presence  of  a  ferment  in  the  pancreatic 
secretion.  Roberts,  however,  doubts  whether  this  is  so  (Xo.  454,  p.  72).  He  thinks 
the  liberated  fatty  acids  of  themselves  are  sufficient  to  emulsify  the  neutral  fats. 

In  the  digestion  of  proteids  within  the  stomach  it  is  seldom  that  the  hydrolysis 
is  carried  further  than  the  formation  of  peptone.  The  pancreatic  pepsin  or  trypsin 
is  capable  of  breaking  up  the  peptone  still  farther  into  a  number  of  hydration 
products.  Among  these  may  be  mentioned  leucin,  tyrosin,  naphthylamine,  and 
indol. 

The  pancreatic  ferments  are  active  only  in  an  alkaline  medium.  The  acid  chyme 
after  passing  into  the  duodenum  soon  loses  its  acidity  ;  it  is  neutralised  by  the 
alkaline  secretions  of  the  small  intestine  and  pancreas. 


Uses  of  the  Bile. 

851.  These  are  usually  said  to  be  :  (1)  the  neutralisation  of  the  acid  chyme  and 
the  precipitation  of  propeptones  and  pepsin  ;  (2)  the  emulsification  of  fats  ;  (3)  the 
aiding  in  absorption,  particularly  of  fats  ;  (4)  the  excitation  of  peristaltic  action  in 
the  intestine  and  the  lubrication  of  feecal  matters  ;  (5)  the  acting  as  an  antiseptic. 
According  to  Copeman  and  Winston,  its  influence  as  an  antiseptic  is  feebler  than  is 
generally  supposed. 

Harley  (No.  438,  p.  18)  maintains  that  bile  emulsifies  and  saponifies  the  fatty 
acids,  while  pancreatic  juice  not  only  possesses  this  action,  but  also  reacts  similarly 
upon  neutral  fats.  Quite  apart  from  its  emulsifying  properties,  however,  bile  seems 
to  possess  the  power  of  aiding  fatty  matters  in  passing  through  an  animal  membrane. 
Harley  {loc.  cit.  p.  17)  says  that  when  an  albuminous  liquid  mixed  with  oil  and  con- 
tained in  a  loop  of  intestine  is  su8i)ended  in  water,  the  oil  does  not  pass  through  the 
coats  of  the  intestine.  When  bile  is  added  to  the  mixture,  however,  it  finds  its  way 
outwards  even  when  free  from  pressure.  The  oil  comes  through  in  the  form  of  a 
soapy-looking  substance. 

Ox,  sheep,  and  horse  bile,  according  to  Hofmeister  (No.  49,  1886,  i.  p.  145),  has 
a  powerful  influence  in  hydraling  starch  with  formation  of  sugar ;  while  dog's  or  pig's 
bile  possesses  this  property  either  not  at  all  or  only  to  a  minor  extent.  None  of  the 
various  biles  employed  by  him  have  the  property  of  dissolving  or  splitting  up  albu- 
min. The  bile  of  the  horse,  ox,  or  sheep  possesses  a  feeble  i)ower  of  splitting  up 
neutral  fats,  an  action  which  does  not  seem  to  be  inherent  in  pig's  or  dog's  bile.  All 
biles,  he  says,  emulsify  fats,  the  strongest  being  that  of  the  dog.  A  lactic  acid 
ferment,  as  a  rule,  is  present  in  the  bile,  or  develops  in  it  on  standing.  The  action 
of  gastric  juice  is  annulled  by  the  presence  of  bile  (1  c.c.  bile  in  11  c.c.  artificial 
gastric  juice). 

When  the  bile  duct  is  obstructed  the  absorption  of  the  products  of  digestion  of 
starch  or  albumin  does  not  seem  to  suff'er  to  any  appreciable  extent  (Mueller,  No.  49, 
1887,  ii.  p.  277).  The  absorption  of  fats,  however,  is  markedly  diminished.  From 
55  to  78*5  iMjr  cent  of  the  fat  taken  as  food  passes  off  in  the  fteces.     The  presence 
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of  needle-shaped  fat  crystals  in  the  faeces  is  an  indication  of  disturbed  fat  absorption. 
The  more  easily  melted,  the  more  readily  are  the  fats  absorbed. 

In  a  woman  suffering  from  a  biliary  tistula  made  for  occlusion  of  the  common  bile 
duct,  Copemaii  and  Winston  (No.  179,  x.  1889,  p.  213)  found  that  there  never  was 
any  constijiation,  although  the  faeces  were  quite  free  from  bile  pigment.  The  faecal 
matter  contained  a  large  proportion  of  fat  once  rather  more  than  18  per  cent,  show- 
ing that  in  the  absence  of  bile  the  pancreatic  juice  is  unable  to  complete  the  diges- 
tion and  absorption  of  fats.  The  amount  of  undigested  proteid  matter,  however,  was 
comparatively  slight. 

There  were  never  any  symptoms  of  dyspepsia  and  the  patient  had  a  voracious 
appetite,  an  observation  in  accordance  with  what  is  noticed  in  dogs  suffering  from 
biliary  fistula. 

A  similar  case  observed  by  Paton  and  Balfour  (Xo.  599,  iii.  1891,  p.  191)  in  main 
supports  the  above  statements. 


Bile  and  the  Colour  of  the  Fmces. 

852.  The  colour  of  human  bile  when  first  secfeted  is  not  golden- 
red,  but  a  pale  olive  green.  The  colouring  matter,  according  to  Cope- 
man  and  Winston  (No.  179,  x.  1889,  p.  213),  is  biliverdin.  The 
colour,  however,  as  shown  by  post-mortem  examination,  rapidly  changes 
after  the  bile  'passes  into  the  gall-bladder.  The  biliverdin  becomes 
reduced  to  bilirubin.  Bilirubin  is  present  in  fresh  human  bile  only  in 
small  quantity. 

The  colouring  matter  of  the  human  frnces  is  derived  partly  from  bile, 
partly  from  the  food  consumed.  The  bile  element  is  due  to  stercobilin, 
a  substance  supposed  to  be  identical  in  composition  with  hydro- 
bilirubin.  On  a  rich  animal  diet  the  dejecta  become  of  a  dark  brown 
colour;  and  on  a  m,ixed  regimen  the  colour  is  brownish-yellow — the 
colour,  that  is  to  say,  which  may  be  regarded  as  healthy  in  the  case  of 
Man.  During  a  dietary  of  fruit  the  reduction  of  biliverdin  to  hydro- 
bilirubin  does  not  take  place.  Hence,  it  is  said,  the  faecal  matter  may 
have  a  green  colour.  This  colour  is  not  explicable  on  the  theory  of 
the  presence  of  chlorophyll. 


The  Vegetable  Micro-Organisms  of  the  Alimentary  Canal. 

853.  Pasteur  has  long  held  that  vegetable  microbes  play  an  impor- 
tant r61e  in  natural  digestion.  It  is  alleged  that  where  the  pancreatic 
duct  is  obstructed,  part  of  the  work  done  by  the  pancreatic  secretion 
may  be  overtaken  by  the  organisms  present  in  the  contents  of  the 
intestine. 

The  meconium  three  to  seven  hours  after  birth  is  sterile,  or  at  most 
a  few  cocci  are  obtainable  from  it  by  cultivation.  They  usually  take 
the  form  of  diplococci.  In  about  eighteen  hours  after  birth,  however, 
bacteria  make  their  appearance  in  abundance  (Escherich,  No.  439, 
1886;  p.  18). 
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The  attempt  made  by  Vignal  (No.  4,  x.  1887,  p.  286)  and  others  to  isolate  and 
enumerate  those  found  in  the  mouth  and  intestinal  canal  seems  almost  hopeless,  so 
abundant  are  the  varieties.  Certain  of  them  are  destroyed  by  the  gastric  juioe,  but 
others  pass  the  stomach  and  begin  to  fructify  when  they  get  into  the  neutral 
contents  of  the  intestine.  They  evidently  contribute  a  part  here  in  rendering  certain 
of  the  ingesta  soluble  and  capable  of  being  absorbed.  Their  number  comes  up  to 
something  like  twenty  millions  per  decigramme  of  fa»cal  matter  (Vignal). 

Brieger  (No.  187,  viii.  p.  306,  and  ix.  p.  1)  found  in  normal  fceccs^  among  others, 
two  organisms  of  note  on  account  of  their  chemical  properties.  One  of  these 
is  like  the  pneumococcus  and  has  the  property  of  converting  grape-sugar  and  cane- 
sugar  into  ethylic  alcohol  ;  the  other  grows  in  circles  upon  gelatine  plates  and  con- 
verts grape-sugar  into  propionic  acid. 

Stahl  made  out  that  there  were  as  many  as  twenty  different  kinds  of  organism 
present  in  normal  fteces  ;  while  Bienstock  (No.  11,  i.  1883,  p.  609),  on  the  other 
hand,  believed  he  had  proved  that  the  essential  bacteria  of  the  intestine  arc 
neither  micrococci,  bacterium  termo,  nor  spirochaet^e,  but  purely  and  simply  bacilli. 
The  cause  of  this,  he  sup^wsed,  lay  in  the  destructive  influence  of  the  acid  secretion 
of  the  stomach  upon  all  such  organisms  unless  in  the  condition  of  spores.  The  spores 
can  pass  the  stomach  and  redevelop  into  bacilli  in  the  intestine. 

Escherich  (No.  439,  1886,  p.  Ill)  finds  that  the  prevalence  of  any  particular 
organism  varies  with  the  diet.  Thus,  those  present  in  the  alimentary  canal  of  the 
dog  diflered  materially  according  to  whether  it  was  fed  on  milk  or  on  meat.* 

He  disagrees  with  Bienstock  altogether  as  to  the  alleged  presence  of  bacilli  alone 
in  the  intestine.  By  careful  plate-cultures  he  was  enabled  to  isolate  many  other 
forms. 

Intestinal  Catarrh. 

854.  Anatomical  Appearances. — The  mucosa  is  red  from  hyper- 
semia  and  is  covered  with  dense  masses  of  tough,  tenacious  mucus 
which,  if  the  bowel  be  empty,  serve  to  glue  its  surfaces  partially 
together.  It  is  seldom  that  the  condition  becomes  muco- purulent. 
The  part  of  the  bowel  most  often  affected  seems  to  be  either  the  large 
intestine  or  the  loicer  part  of  the  small.  There  is  a  prevalent  opinion 
that  it  is  a  common  disease  of  the  duodenum  and  that  the  catarrhal 
secretion  and  the  hyperjemic  swelling  of  the  mucosa  tend  to  occlude 
the  opening  of  the  duct  and  to  occasion  an  obstructive  jaundice 
(see  Jaundice), 

The  minuter  changes  of  the  mucous  membrane,  like  those  of  the 
catarrhal  stomach,  have  not  been  well  studied,  owing  greatly  to  the 
macerated  and  often  half-digested  state  in  which  the  mucosa  is  found 
after  death.  Intestinal  mucus  is  normally  secreted  from  the  epithelium 
covering  the  mucosa.  Its  cells  become  distended  with  it  and  are 
correspondingly  transparent ;  they  are  converted  into  chalice  cells  when 
the  mucus  is  discharged.  The  quantity  of  mucus  formed  by  these  in 
catarrh  must  be  much  greater  than  in  health.  The  immediate  cause  is 
probably  the  underlying  congestion.   The  epithelial  cells  may  also  be  shed. 

*  He  gives  at  p.  108  of  above  work  a  list  of  those  micro-organisms  which  he  found 
in  meconium  from  infants  of  different  ages  under  a  milk  diet.  The  list  is  too  long 
to  transcribe. 
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It  is  said  that  catarrh  is  liable  to  be  accompanied  by  follicular 
ulceration.       Croupous  enteritis,  however,  is  a  commoner  cause   of 


Fio.  399.— Catarrh  of  Intestine  showing  the  Masses  of  Tenacious  Miccs  adherix<s 
TO  THE  Surface. 


this.  A  chronic  catarrh  with  such  ulceration  is  also  alleged  to 
occasion  a  fibrous  new  formation  between  the  crypts  of  Lieberkiihn 
(Ziegler). 
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Membranous  Catarrh. 

855.  There  is  a  peculiar  condition,  apparently  of  catarrh,  in  which 
gelatinous  casts  are  voided  per  anum.  Women  in  middle  life  sometimes 
habitually  pass  gelatinous  membrane-like  casts  of  the  intestine.  The 
casts  are  perfectly  homogeneous  and  transparent  and  have  none  of  the 
appearance  of  croupous  membranes.  What  the  condition  of  the  bowel 
associated  with  them  is,  has  never  been  recorded. 


Acute  Perforating  Ulcer  of  Duodenum. 

856.  This  appears  to  be  analogous  in  all  respects  to  the  disease 
bearing  a  like  name  in  the  stomach.  It  has  the  same  sharply-punched- 
out  appearance,  is  frequently  multiple,  and  by  no  means  seldom  ends 
fatally  by  perforating.  One  of  the  constant  prunary  effects  of  the 
disease,  as  also  in  the  case  of  the  gastric  ulcer,  is  copious  hacmorrhag^e. 
The  haemorrhage  manifests  itself  by  melaena  It  is  in  the  first  portion 
of  the  duodenum  that  the  ulcer  or  ulcers  are  found,  almost  one  and  a 
half  to  two  inches  from  the  pylorus;  they  tend  to  fuse  together. 
They  are  sometimes  associated  with  similar  ulcers  in  the  stomach. 
They  cicatrise  in  the  same  way  as  the  gastric  ulcer ;  the  head  of  the 
pancreas  is  often  utilised  as  a  stop-gap  and  support  to  the  floor. 

Their  pathology,  so  far  as  is  known,  is  alike  with  that  of  the 
perforating  ulcer  of  the  stomach.  There  are  at  least  two  proteid 
solvents  in  the  duodenum,  namely^  gastric  pepsin  and  pancreatic 
trypsin,  but  seeing  that  the  first  part  of  the  organ  is  the  region  in 
which  the  ulcer  is  almost  always  found,  it  is  more  likely  that  the 
solution  takes  place  through  the  agency  of  the  gastric  pepsin  before 
it  has  undergone  precipitation  by  contact  with  bile. 


Acute  Duodenal  Ulcer  after  Bums  and  Scalds. 

857.  It  was  long  ago  pointed  out  by  Dupuytren  (No.  459)  that 
the  stomach  and  intestine  are  liable  to  inflammation  after  the  im- 
mediate danger  of  a  burn  of  the  skin  is  past.  He  did  not,  however, 
suspect  that  the  duodenum  was  the  part  most  liable  to  suffer.  Since 
then  so  many  cases  (see  Bibliog.)  have  been  put  on  record  of  acute 
perforating  duodenal  ulcer  following  upon  extensive  burns  and  scalds 
that  the  coincidence  of  the  two  conditions  can  scarcely  be  regarded  as 
fortuitous. 

In  the  year  1842  Curling  (No.  34,  xxv.  1842,  p.  260)  recorded 
ten  instances  in  which  he  had  found  an  acute  duodenal  ulcer  associated 
with  burns  of  the  skin  and  two  in  which  there  was  acute  duodenitis. 
In  three  out  of  the  above  ten  cases  death  occurred  from  perforation. 
The  perforation  is  sometimes  very  small,  at  other  times  as  large  as  a 
shilling.     The  ulcers  are  sometimes  multiple.     According  to  Curling, 
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the  ulceration  takes  place,  as  a  rule,  immediately  opposite  the  head  of 
the  pancreas,  and  hence  renders  the  occurrence  of  haemorrhage  frequent 
and  severe  from  the  arteria-pancreatica-duodenalis  being  opened  into. 
It  is  commonest  in  young  subjects ;  the  eldest  in  Curling's  cases  was 
twenty-eight,  while  the  ages  of  the  others  ranged  between  three  and 
nineteen  years. 

Dilatation  of  Duodenum. 

858.  The  duodenum  sometimes  reaches  an  astonishing  size,  so 
much  so  that  it  comes  to  resemble  a  second  stomach.  The  cause  is 
usually  a  Stricture  at  its  lower  end.  Wemich  (No.  13,  1.  1870, 
p.  138)  relates  a  case  where  there  was  a  constriction  both  at  the 
upper  and  lower  ends.  In  some  instances  there  may  be  a  diyerticular 
pouch  leading  oif  from  the  main  cavity.  The  stricture  is  usually 
caused  by  a  cancerous  tumour,  but  sometimes  by  a  cicatricial  band  or 
cord-like  old  adhesion.  Even  where  the  cancerous  tumour  infiltrates 
universally  as  much  as  the  lower  two-thirds  of  the  viscus,  the  dilatation, 
cancerous  part  included,  may  be  extreme. 

Diseases  of  the  Follicular  Tissue. 

859.  The  follicular  tissue  of  the  gastro- intestinal  tract  is  very 
abundant.  It  consists  of  little  l)Tnph- gland -like  bodies  situated  in 
the  mucous  membrane  and  extending  deeply  into  the  submucosa.  The 
so-called  Peyer's  patches  are  colonies  of  these.  The  follicular  tissue  is 
most  abundant  in  the  lower  half  of  the  ileum  where  the  Peyer's 
patches  are  also  found.  Isolated  follicles,  however,  are  met  with 
here  and  there  in  the  stomach  and  throughout  the  whole  intestine. 

Under  certain  conditions  this  follicular  tissue  becomes  swollen 
and  hypertrophied,  so  that  the  individual  glands  project  above  the 
level  of  the  mucosa.  It  does  not  always  follow,  however,  that  the 
grouped  and  isolated  follicles  are  simultaneously  swollen,  and  there 
mus^  therefore,  be  some  difference  in  their  function.  In  typhoid 
fever,  which  affects  this  follicular  tissue  more  constantly  than  any 
other  disease,  they  have  become  enlarged  and  almost  simultaneously  so, 
but  even  here  the  one  is  at  times  much  more  at  fault  than  the  other. 
In  septic  diseases,  more  especially  septic  disease  in  which  the  poisonous 
products  of  the  wound  are  swallowed,  the  solitary  glands  of  the  ileum 
will  be  found  enlarged  often  to  the  exclusion  of  the  Peyer*s  patches. 

There  is  this  difference,  however,  between  the  typhoid  and  almost 
all  other  simple  enlargements  of  the  follicular  tissue,  namely,  that 
it  is  only  in  the  former  that  sloughing  tends  to  follow  upon  the 
infiltration. 

The  superficial  erosions  so  often  met  with  on  the  mucosa  of  the 
colon  are  often  called  follicular  ulcers.  It  is  questionable,  however, 
whether  these  all  arise  in  connection  with  the  lymph-follicles.  They 
are  usually  too  superficial  to  be  accounted  for  in  this  way.     They  are 
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Fio.  400.— Typhoid  Fever,  Ileum  ok 

(.'HILD,    8HOWINO    THE    INFILTRATION    OF 

THE  Peyer's  Patches  and  Solitary 

FOLLICLEH. 


more  like  localised  eczematous  spots,  if 
one  may  so  charactense  them,  than  true 
ulcers  following  upon  a  deep  seated  in- 
filtration of  the  glands  in  the  mucosa. 

It  is  a  remarkable  and  as  yet  unexplained  fact 
that  the  lymph-follicles  of  tlie  ileum,  which  ap- 
parently seem  to  be  nothing  more  than  little 
l3,Tnph-glands  connected  with  the  abundant  plexus 
of  lymphatics  in  the  intestinal  wall,  are  much 
more  ai)t  to  become  sympathetically  enlarged  in 
disease  than  those  of  the  gastro-intestinnl  tract 
elsewhere.  Thus  the  tubercular,  tyi>hoid,  and 
ordinary  septic  poisons  all  tend  to  fix  upon  the 
glands  of  the  ileum  in  preference  to  those  in  the 
stomach,  duodenum,  jejunum,  or  colon. 

It  is  said  by  Pavy  that  the  Peyer's  patches  and 
solitary  follicles  in  the  pup  become  enlarged  and 
more  vascular  under  a  dirt  of  cane-siKjar. 

Typhoid  Fevkij. 

860.  In  typhoid  fever  the  chief  and 
primary  lesion  is  located  in  the  intestine 
and  mostly  in  the  ileum.  The  stomach, 
duodenum,  and  jejunum  are  rarely  aftected, 
and  the  large  intestine  not  nearly  so 
commonly  as  the  ileum,  although  oftener 
than  the  jejunum.  The  lower  end  of 
the  ileum  is  the  head-centre  of  the 
lesion. 

Anatomical  Description.  —  Tlie 
follicular  glands  are  the  seat  of  it,  and,  as 
before  mentioned,  both  the  isolated  and 
agminated  glands  are  affected.  These 
glands  enlarge  and  project  visibly  from 
the  mucosa.  The  infiltration  is  not  par- 
ticularly hard,  not  so  hard  as  that  of  a 
commencing  intestinal  tubercle. 

The  Peyer's  patches  have  a  gray 
colour  and  occasionally  a  little  hypeiwmia 
is  noticed  around  them,  but  not  always. 
Sometimes  the  infiltration  of  a  patch  is 
partial,  so  that  its  middle  third  or  one 
end  is  elevated  while  the  rest  of  the  patch 
is  unaltered. 

Hie  cause  of  the  swelling  is  mainly  a 
small  rtfUiid  cell  hifiltratiim  of  the  glands 
alone  (Fig.  401),  or  of  these  with  their 
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immediate  surroundings.  The  cellular  infiltration  is  probably  of  an 
inflammatory  nature,  and  is  caused  by  the  presence  of  the  typhoid 
bacillus. 
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In  from  ten  days  to  a  fortnight  the  infiltrated  glands  slovgh  and 
leave  a  characteristic  ulcer.  Previous  to  the  separation  of  the  slough 
the  gland  tissue  has  necrosed.     Its  cells  assume  a  faint  and  ill-defined 
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outline,  become  very  granular  and  ultimately  many  of  them  fatty. 
The  gland  is  detached  in  shreddy  masses. 

The   ulcer  which  is  left   has  the  following   characters: — If  a 


Fio.  402.— Typhoid  Fever,  Ileum  or  Adult,  seowino  the  Sloughy  and  Infiltrated  Patches. 


Peyer's  patch  be  the  seat  of  it  the  shape  is  usually  oval,  but  if  the 
disintegration  has  been  partial  the  shape  may  be  almost  quite  round. 
The  long  axis  is  in  the  long  axis  of  the  intestine.  The  floor  as  a  rule  is 
smooth,  and  is  made  up  of  the  exposed  muscularis.     The  sloughing 
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has  destroyed  the  mucosa  and  submucosa.  If  the  disintegration, 
however,  has  been  partial,  shaggy  masses  of  necrosed  tissue  may  still 
be  left  adherent  and  give  the  floor  a  rough  aspect.  The  edges  are 
more  or  less  unattached  and  float  when  placed  in  water.  In  some 
cases  the  surroundings  may  be  congested,  but,  as  in  the  earlier  stage 
of  the  lesion,  this,  after  death  at  least,  may  be  entirely  wanting. 

The  serous  coat  of  the  bowel,  so  long  as  perforation  has  been 
avoided,  shows  little  alteration.  There  is  an  absence  of  the  stellate 
cicatrix -like  patch  with  tubercles  in  it  characteristic  of  intestinal 
tuberculosia 

The  disintegration  seldom  goes  farther  than  the  muscularis.  One 
of  the  great  dangers,  however,  to  be  feared  is  that  it  extends  more 
deeply  and  occasions  a  perforation.  The  perforation  varies  in  size 
from  a  mere  point  to  a  ragged  sloughy  opening  half  an  inch  in  diameter. 
F»cal  matter  has  escaped  from  it ;  but  the  perforation  may  become 
temporarily  closed  by  effusion  of  lymph,  with  or  without  adhesion  of  a 
loop  of  bowel  or  of  some  neighbom-ing  viscus  ;  so  that  on  exposing  the 
abdomen  the  aperture  may  be  found  with  difficulty. 

Unless  the  escape  of  faecal  matter  is  limited  by  surrounding 
adhesions  it  usually  causes  death  from  peritonitis  within  a  few 
hours.  If  confined  to  the  vicinity  of  the  perforation,  however,  the 
immediately  fatal  issue  may  for  long  be  warded  ofl^,  and  an  abscess 
form  in  the  pouch  of  peritoneum  at  the  point  of  escape.  This  may 
discharge  externally  and  recovery  take  place.  The  chances  even  here, 
however,  are  that  the  individual  will  succumb  to  an  intercurrent 
attack  of  general  peritonitis  or  to  septic  poisoning. 

The  isolated  or  solitary  follicles  go.  through  the  stages  of 
infiltration  and  sloughing  alike  with  the  Peyer's  patches.  The 
resulting  ulcers  remain  discrete  and  have  not  the  same  tendency  to 
perforate  as  those  located  Avithin  the  patches. 

The  lesion  within  the  larg^e  intestine  consists  in  an  infiltration 
and  ulceration  of  these  solitary  follicles  sometimes  to  such  an  extent 
that  they  look  from  their  projection  and  shape  like  small  polypi. 
When  this  is  the  case  similar  infiltrated  follicles  will  probably  also  be 
found  in  parts  of  the  small  intestine  other  than  the  ileum.  And  even 
in  the  stomach  itself  corresponding  nodular  projections  may  be 
noticed  rarely,  generally  with  an  eroded  and  haemorrhagic  depression 
in  their  centres.  It  is  seldom  that  the  lesion  of  the  large  intestine 
extends  to  the  rectum. 

The  appearance  of  the  caput  caccum  in  some  instances  resembles 
that  of  a  malignant  sore  throat.  The  entire  mucous  membrane  is  in 
a  sloughy  condition.  The  slough  is  ash-gray  coloured  or  is  stained 
yellow  or  olive-green  with  bile.  Remnants  of  faecal  matter  may  be 
seen  adherent  to  the  shreddy  surface. 

Healing  of  the  Ulcers. — The  ulcers  heal  without  cicatricial 
contraction.  Stricture  of  the  bowel  from  typhoid  is  a  thing  almost 
unheard  of.     The  surface  is  said  to  become  covered  with  fine  granu- 
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lations  over  which  the  epithelium  ultimately  spreads.  It  is  rare, 
however,  to  meet  with  the  disease  in  this  granulating  stage,  so  much 
so  that  the  healing  of  the  ulcer  by  ordinary  granulation  might 
reasonably  be  doubted.  It  seems  rather  as  if  the  floor  of  the  ulcer 
simply  underwent  a  process  of  cleaning,  that  a  thin  layer  of  embryonic 
cicatricial  tissue  came  to  cover  it,  and  that  epithelium  in  course  of 
time  spread  over  this.  The  layer  of  cicatrix  resulting  from  the 
further  organisation  of  the  young  cicatrix  is  so  delicate  that  it  does 
not  tend  to  constrict  the  channel ;  it  simply  induces  a  slight  depres- 
sion on  the  mucosa. 

The  cicatrix  usually  becomes  pigmented  ;  the  pigment  is  distributed 
in  small  dark  gray  or  black  points ;  and  the  outlines  of  the  missing 
Peyer*s  patches  are  thus  permanently  demarcated. 

Haetnorrhagic  T3rphoid. — In  certain  cases  of  typhoid  there  is  a 
great  tendency  to  haemorrhage  almost  tliroughout  the  entire  body. 
The  skin,  conjunctivae,  tonsil,  larynx,  serous  membranes,  stomach, 
bowel,  etc.,  are  all  the  seat  of  purpura-like  haemorrhages,  and  haemor- 
rhagic  infarction  masses  may  be  found  in  the  lung. 

Glandular  Enlargement. — In  practically  every  case  of  typhoid 
the  mesenteric  glands  will  be  found  more  or  less  enlarged.  Where 
there  is  a  haemorrhagic  tendency  the  enlargement  may  be  so  general 
that  the  case  may  be  mistaken  for  one  of  (acute)  Hodgkin's  disease. 
Even  the  glands  at  the  bend  of  the  elbow  may  be  distinctly  felt 
through  the  skin  in  such  a  case ;  and  those  of  the  groin,  axilla,  and 
neck  can  be  felt  aggregated  in  masses  or  running  in  chains.  The 
mesenteric  glands  are  sometimes  enlarged  to  such  an  extent  as  to 
occasion  an  appearance  resembling  that  of  a  lobulated  tumour. 

The  lymphadenoid  tissue  of  the  tonsils  and  tongue  appears  to 
suflfer  equally  with  the  lymph -glands  elsewhere.  The  tonsils  are 
swollen  to  the  size  of  small  walnuts,  and  the  accessory  tonsils  at  the 
root  of  the  tongue  project  as  globose  masses.  The  fact  that  the 
tonsils  become  swollen  in  an  early  stage  of  the  disease  may  lead  to 
the  disease  being  confounded  with  diphtheria.  Many  of  tlie  usual 
symptoms,  such  as  diarrhoea,  may  be  absent,  a  state  of  matters  which 
is  very  misleading.  The  temperature,  even,  may  be  subnormal. 
Indeed  there  is  perhaps  no  disease  in  which  the  classical  phenomena 
may  fail  so  frequently  as  typhoid ;  it  is  often  only  at  the  post-mortem 
examination  that  the  true  nature  of  the  case  is  revealed. 

Pyaemic  Tendency. — Haemorrhagic  cases,  more  especially  where 
combined  with  excessive  glandular  enlargement,  have  a  pyaemic 
tendency.  Huge  infarctions  are  sometimes  found  in  the  spleen,  which 
are  on  the  point  of  breaking  down  into  pyaemic -like  abscesses. 
Similai'  deposits  may  be  seen  in  the  lungs. 

Condition  of  the  other  Org^ans. — A  lobular  or pakhy  pneumonia, 
ustially  of  a  sub-croupous  type  and  with  a  tendency  to  form  pyaemic 
infarcts,  is  a  common  pulmonary  complication.  The  spleen  is  increased 
in   size  and  somewhat  pulpy,  and  infarction -like  masses,  as  before 
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mentioned,  may  be  found  in  it     The  liver  may  be  much  enlarged, 
apparently  from  fatty  infiltration  around  the  sublobular  vein.     There 
are    often    minute   deposits 
within    it;     these    are    de- 
scribed 

Ine  c^ibiiciiuui  vi   uiio  \A/iv-      -^1.1  '".v^*! "ii ■■7\  % vv* '  p^^^viT'n^s  -^^'>^ 
voluted   tubes  of  thejddneys       '^^iO^^^^^^^^n^S^ 
may  '  "  ^       "'^  -  ^^  <-         --      ^ 

granula 

occasions  some  amount  of  ^V<Jj>^ 
enlargement  of  the  cortex.  v^^:|  ^ 
The  thin  muscles  of  the  ^v*^*tH"_ 
abdominal  vxdl  and  the  ad- 
ductors of  the  thighs  undergo 
a  colloid  change  (see  Sect. 
135),  which  gives  them  a 
{)allid  fish-miiscle-like  aspect 
The  contents  of  the 
bowel  are  usually  bright 
yellow  in  colour  and  liquid 
in  consistence ;  but  it  cannot 
be  too  strongly  emphasised 
that  the  absence  of  these 
features  must  not  be  held  as 
excluding  the  possibility  of 
typhoid  fever.  The  contents 
of  the  large  intestine  are  sometimes  hard  and  scybalous. 


Fio.  403.— Typhoid  Infiltration  ok  Intestine  (Zrish 
HoMOo.  Imm.  |1,  ;  Ocdlab  No.  4 ;  xl<50  Diams.) 
The  up))er  jiart  of  the  figure  represenU  the  submucoHa 
infiltrated  with  the  typhoid  bacillus ;  the  lower  part 
the  rauscularis.  The  bacillus  in  the  mucosa  is  partly 
contained  within  the  small  round  cellH  infiltrating  the 
part  (Stained  in  warm  methyl  -  violet  solution ; 
washed  out  in  alcohol ;  clarified  in  oil  of  cloves ;  and 
mounted  in  balsam). 


The  Typhoid  Mia-qyhyie, 

Morphology. — The  discovery  of  what  is  now  regarded  by  every 

one  as  the  specific  organism  of  typhoid,  aj)pears  to  have  been  made 

about  the  same  time  by  Klebs  (No.  104,  xii.  1880, 

.o»  p.  231 ;  xiii.  1881,  p.  389),  Eberth  (No.  13,  Ixxxi. 

JQk^L^  1880,  p.  58 ;  Ibid.  Ixxxiii.  1881,  p.  486),  and  Koch 

SsXtShk  (No.  44,  i.  1881).    To  Eberth,  probably,  chief  credit 

is  due.     He  not  only  described  the  morphology  of 

the  organism  accurately,  but  also  indicated  how  it 

spreads  throughout  the  body,  the  time  at  which  it 

is  most  abundant,  and  many  other  points  of  essential 

interest. 

The  organism  in  question  is  a  short  rml  (Fig.  404) 
whose  description  closely  corresponds  to  what  used 
to  be  called  "bacterium  termo."  It  is  from  2  to  3/i.  long  and  0*7  to 
0*9  broad — that  is  to  say,  it  is  from  a  fourth  to  a  third  the  length  of 
the  long  axis  of  a  coloured  blood-corpuscle ;  and  about  three  times 
as  long  as  broad.     In  old  typhoid  infiltrations  of  organs  threod  forms 


Fio.  404.  —  Typhoid 
Bacillus  from  a  Pure 
Cv  LTc  RE  (Zeiss  Homog. 
Imm.  |>);  x950Diam8.  ; 
stained  in  Fuch8in> 
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can  also  sometimes  be  detected  (Klebs).  The  ends  of  the  bacillus  are 
rounded ;  and  in  the  centre  of  the  rod  a  clear  space  can  often  be  seen, 
due  apparently  to  retraction  of  the  protoplasm  to  the  two  poles.  This 
must  not  be  mistaken  for  a  spore.  When  cultivated,  the  bacillus,  it 
is  said,  does  sometimes  develop  a  sport;  it  is  located  at  one  end 
(Gaffky,  No.  44,  ii.  1884  ;  also,  Eng.  transl.,  N.  Syd.  Soc.  1886,  p.  221). 
Nevertheless,  several  observers  deny  that  typhoid  ever  produces  true 
spores.  When  suspended  in  a  drop  culture  the  organism  exhibits 
lively  snake-like  movements  due  to  lateral  flagella. 

Staining^. — The  typhoid  bacillus  is  somewhat  diflScult  to  stain. 
It  decolorises  by  Gram's  method,  but  if  sections  containing  it  are 
allowed  to  remain,  previous  to  staining,  for  ten  minutes  in  a  ^  per 
cent  solution  of  corrosive  sublimate,  they  retain  the  colour  (Wood- 
head,  No.  588,  p.  195).  They  can  be  stained  in  Loeffler's  methylene 
blue,  composed  of  one  volume  of  saturated  alcoholic  solution  of  methy- 
lene blue  in  three  volumes  of  a  1-10,000  solution  of  potash.  They 
can  also  be  stained  in  Ziehl-Neehens  solution  of  fuchsin  (see  vol.  i.  p. 
136).  Kuhne's  method  is  to  place  the  section  first  in  a  saturated 
solution  of  oxalic  acid,  wash,  and  stain  with  methylene  blue  dissolved 
in  a  1  per  cent  solution  of  ammonium  carbonate.  The  different 
solutions  are  the  better  of  being  warmed  before  use. 

Artificial  Culture. — It  grows  readily  on  a  number  of  different 
media.  One  of  the  most  characteristic  cultures  is  that  obtained  on 
nutritive  gelatine,  A  surface  growth  on  this  does  not  appear  before  the 
second  or  third  day.  It  slowly  assumes  the  character  of  a  delicate 
grayish-coloured  film  of  almost  equal  thickness  throughout  (see  Coloured 
Plate).  The  lower  end  of  the  culture  is  rounded  and  outspread  while 
the  margins  are  indented.  A  puncture  inoculation  is  limited  to  the 
track  of  the  needle,  and  becomes  slightly  brown-coloured  in  from 
fifteen  to  twenty  days.  The  typhoid  organism  does  not  liquefy  the 
gelatine. 

Although  the  growth  is  retarded  by  the  addition  of  a  small  per- 
centage of  carbolic  acid  to  the  medium,  it  is  not  entirely  prohibited  by 
it  (Eberth).  In  carbolised  gelatine,  for  instance,  the  colonies  do  not 
appear  until  the  fourth  or  fifth  day  instead  of  upon  the  second  or 
third. 

Grown  upon  media  coloured  with  aniline  dyes,  it  gradually 
absorbs  the  colour  so  that  the  medium  becomes  decolorised.  Fuchsin 
gelose  kept  at  39^  C.  is  most  suitable. 

The  organism  also  thrives  readily  upon  gilose  and  potato.  On 
potato  it  cannot  be  recognised  with  the  naked  eye  even  where  the  culture 
is  luxuriant.  The  only  indication  of  its  presence  is  an  appearance  of 
moistness  of  the  surface.  The  acidity  of  the  potato  appears  to 
encourage  the  growth;  the  organism  throws  out  an  acid  not  an 
alkaline  secretion.  Tlie  most  favourable  temperature  is  from  25°  to 
35^  C. 

The  spores  resist  a  temperature  of  90"  but  are  killed  at  one  of 


Fig.  491. — Bacillus  op  Typhoid  Fever.  Surface-culture  on 
peptone-gelatine.  Tlie  growth  takes  the  form  of  a  pale  gray  film.  Its 
mai^n  is  indented,  and  the  lower  end  tends  to  spread  out  in  a  spatula- 
like manner.     (See  page  528.) 

Fig.  492. — Koch's  Spirillum  of  Asiatic  Cholera.  Puncture- 
culture  on  peptone  gelatine.  Notice  the  bell-like  character  of  the 
upper  part  of  the  area  of  liquefaction.     (See  page  550.) 

Fig.  493. — ^Thb  Finkler-Prior  Spirillum.  Puncture-culture  on 
peptone-gelatine.  There  is  the  same  bell-like  area  of  liquefaction  as 
in  that  of  Asiatic  cholera,  but  the  liquefaction  proceeds  more  rapidly, 
and  later  on  forms  a  funnel-like  cone.     (See  page  550.) 

Fig.  494. — Metchnikofp's  Spirillum.  Puncture  -  culture  on 
peptone-gelatine.  The  bell-like  area  of  liquefaction  is  less  well  marked 
than  in  the  two  foregoing.     (See  page  550.) 
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100°  C.  The  best  temperature  for  the  potato  growth  is  from  38°  to 
40°  C.  Cultures  preserve  their  vitality  for  long  when  dried,  probably 
owing  to  their  having  developed  spores.  At  comparatively  low 
temperatures  the  bacillus,  even  when  sown  upon  potato,  usually  fails 
to  spore.  At  about  30°  to  40°  C,  however,  spores  are  invariably  seen 
in  the  bacilli  on  the  third  or  fourth  day.  They  are  always  at  the 
extremities.  The  lowest  limit  at  which  it  will  spore  appears  to  be  20* 
C.  At  a  summer  temperature  it  spores  comparatively  fteely  and  on 
various  media. 

When  cultivated  the  bacillus  not  only  develops  spores  but  grows 
out  into  long  threads. 

It  thrives  readily  upon  milk.  Upon  sterilised  drinking  water 
Wolffhugel  and  Eiedel  (No.  603,  i.  1886,  p.  455)  found  that  the 
organism  not  only  retained  its  vitality  but  continued  to  multiply.  It 
is  probable  that  the  disease  is  disseminated  chiefly  through  these  two 
articles  of  a  dietary.  It  is  diflicult,  however,  to  separate  it  from 
drinking  water. 

Distribution. — Within  the  sloughs  on  the  intestine  the  typhoid 
bacilli  are  mixed  up  with  numbers  of  others  which  are  incidental  to 
the  intestinal  contents  and  have  nothing  to  do  with  the  causation  of 
the  disease.  In  the  follicular  tissue  which  has  undergone  prolifera- 
tion, however,  an  almost  piure  culture  of  the  organism  may  be  found. 
It  lies  among  the  lymph-cells  and  is  easily  recognised. 

The  mesenteric  glands  show  it  almost  as  abundantly,  and 
masses  of  it  may  be  detected  within  the  liver,  spleen,  and  kidneys 
\nth  great  regularity ;  more  rarely  within  the  blood-vessels  of  other 
organs.  It  is  not  easily  found  within  the  blood  itself.  It  has  been 
alleged  to  proliferate  in  the.  body  after  death. 

They  are  much  less  numerous  in  the  dejecta,  but,  as  shown 
oi-iginally  by  Pfeiffer  (No.  11,  iv.  1886,  p.  706),  they  are  not  absent 
The  typhoid  bacillus  seems  to  diifer  from  many  others,  such  as  that  of 
cholera  asiatica,  in  the  fact  that  it  does  not  fructify  liberally  within 
the  contents  of  the  intestine.  Its  seat  of  growth  is  the  follicular  tissue 
of  the  intestinal  wall  and  the  blood-  and  lymph -vessels  of  distant 
organs.  Its  presence  within  the  discharged  intestinal  contents  is  to 
be  explained  more  by  its  being  thrown  oif  accidentally  from  the  in- 
testinal wall  than  by  its  reproducing  itself  to  any  great  extent  within 
the  contents.  The  two  great  media  by  which  the  disease  is  com- 
municated, nevertheless,  are  the  faecal  dischargrs  and  the  mine. 

The  bacilli  are  more  abundant  during  the  first  and  second  than 
towards  the  end  of  the  third  and  during  the  fourth  week  of  the 
disease  (Eberth,  No.  13,  Ixxxi.  1880,  p.  70). 

Poisonous  Secretion. — Brieger  has  alleged  that  the  organism 
secretes  a  toxin  (typhotoxin)  which  he  has  been  enabled  to  isolate.  It 
is  secreted  only  in  small  quantity,  and  is  occasionally  present  in  the 
urine  when  albuminous  and  when  the  kidney  is  infected  with  the 
organism. 
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Inoculation. — Most  attempts  to  inoculate  the  microphyte  upon 
the  lower  animals  have  failed.  There  is  no  animal  which  apparently 
takes  human  typhoid.  The  pig  suffers  from  a  disease  which,  in  the 
locality  and  nature  of  the  intestinal  lesion  accompanying  it,  resembles 
that  of  Man.  The  pig,  however,  when  fed  on  typhoid  dejecta,  does 
not  fall  a  victim  to  typhoid  fever.  Chantemesse  and  Widal  (No.  423, 
ii.  1888,  p.  54)  allege  that  they  have  conferred  the  disease  upon  white 
mice  by  inoculation.  The  bacillus  was  taken  from  the  human  spleen 
and  sown  for  three  days  on  peptonised  bouillon  at  a  temperature  of 
37"  C.  Four  drops  were  injected  into  the  peritoneum.  In  thirty-six 
hours  all  the  mice  employed  were  dead.  The  intestine  was  found  to 
be  filled  with  diarrhoeal  liquid  and  the  spleen  was  enlarged.  The 
intestine,  they  state,  was  in  a  condition  alike  with  that  of  human 
typhoid.  The  spleen  and  the  medulla  of  bone  contained  typhoid 
bacilli.  A  sterilised  and  filtered  culture  of  typhoid  bacilli  injected  into 
the  abdomen  renders  the  mouse  immune. 

Cygnaeus  (No.  492,  vii.  1890,  p.  375)  also  alleges  that  he  has 
conveyed  typhoid  from  Man  to  animals  such  as  the  dog,  rabbit,  and 
mouse,  through  the  medium  of  pure  cultures  upon  potato.  The  cultures 
were  administered  by  the  mouth,  by  intravenous,  intraperitoneal,  or 
intraduodenal  injection,  or  by  inhalation.  The  lesions  were  very 
much  the  same  as  in  typhoid. 


Pio  Typhoid. 

861.  Under  this  designation  apparently  several  diseases  of  the  pig  have  been 
confounded  on  account  of  their  all  being  accompanied  by  a  measly  eruption  on  the 
skin.  The  various  diseases  which  have  led  to  this  disordered  classification  are 
chiefly  what  are  known  as  Rouget  du  pore,  Mai  rouge,  Rougeole  du  pore,  Erysip^le 
du  pore,  Rothlauf,  Swine  fever,  Schweinseuche,  Swine  plague.  Hog  cholera,  etc. 
According  to  Mac6  (No.  684)  these  titles  include  three  distinct  and  separable 
affections — namely,  (1)  Rouget  du  pore,  (2)  Pneumo-enteritis  of  the  pig,  and  (3)  Pig 
cholera. 

Rouget  du  Pore. — Irregular  spots  or  patches  of  a  red  colour  occur  upon  the 
skin  of  the  ears,  breast,  belly,  and  inner  aspect  of  the  thighs.  There  is  also  evidence 
of  acute  intestinal  irritation.  After  death  the  spleen  is  found  to  be  enlarged, 
congested,  and  diffluent ;  the  liver  and  all  the  lymph-glands  are  congested ;  the 
blood  is  dark.  Pasteur  and  Thuillier  (No.  40,  xcv.  1882,  p.  1120)  have  demonsti-ated 
a  figure  of  eight  (diplococcus)  organism  in  the  blood  and  exudations.  They  have 
cultivated  it,  and  have  also  attenuated  it  in  such  a  manner  as,  they  say,  to  provide 
a  vaccine  against  the  disease.  The  organism  remains  coloured  after  Gram's  method 
of  decoloration.  When  inoculated  on  the  pigeon  its  virulence  is  increased,  upon 
the  rabbit  it  is  decreased.  After  it  has  been  passed  several  times  through  the 
rabbit  the  poison  is  so  attenuated  for  the  pig  that  it  conveys  the  disease  in  a  mild 
foim  to  that  animal,  but  in  such  a  form  as  to  protect  the  animal  from  a  future 
attack  of  the  natural  malady. 

Pneumo-enteritis  of  Pig. — This  is  the  disease  which  in  Great  Britain  goes  by 
the  name  of  pig-typhoid.  It  was  for  long  confounded  ^vith  the  foregoing.  It 
is  sometimes  called  contagious  or  infectious  pneumonia  of  the  pig.     It  is  a  highly 
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coatagions  disease,  and  most  animals  affected  by  it  succamb  in  from  ten  to  thirty 
days,  usually  with  a  fibrinous  pneumonia.  At  other  times  the  lung  complication  is 
of  secondary  importance,  in  which  case  the  disease  manifests  itself  chiefly  in  an  in- 
testinal lesion. 

The  lesion  of  the  intestine  is  most  evident  in  the  lower  part  of  the  ileum  and 
commencement  of  the  colon.  It  shows  itself  in  numbers  of  nux-vomica-seed-  or 
button-like  elevations  on  the  mucous  membrane.  These  consist  of  infiltrated  lymph- 
adenoid  tissue  existing  naturally  in  the  mucous  membrane.  The  appearance  is  very 
like  that  of  human  typhoid,  with  this  exception,  that  the  raised  patches  have  not  so 
much  tendency  to  slough. 

The  blood,  and  more  particularly  the  exudation  into  the  lung,  contains  numerous 
short  bacteria  with  round  extremities,  1  /i.  to  2  /u.  long  by  3  /i.  broad.  The  organism 
is  usually  held  to  be  immobile ;  some  say  it  is  slightly  mobile.  It  is  generally 
aerobic  and  grows  most  freely  in  air,  but  can  also  develop  in  an  atmosphere  deprived 
of  oxygen.  Injected  into  the  lung  it  occasions  the  disease,  accompanied  by  both  the 
pulmonary  and  intestinal  lesions.  It  induces  a  fatal  result  when  injected  into  the 
system  of  rabbits,  guinea-pigs,  and  mice. 

Pig  Cholera  {peste  porcaine), — This  is  known  in  Germany  as  "Schweinseuche." 
What  is  called  "American  Swine-plague"  seems  to  be  alike  with  ordinary  pig- 
typhoid  or  pneumo-enteritis. 

The  microbe  characteristic  of  this  disease  is  a  short  rod  with  round  extremities. 
It  also  occurs  in  oval  or  almost  round  forms.  It  is  always  immobile ;  it  does 
not  colour  readily  with  aniline  dyes ;  nor  does  it  liquefy  gelatine.  The  blood 
contains  it. 


Tubercular  Intestine. 

862.  Tubercle  commences  either  as  a  disease  of  the  serous  coat  or 
as  one  primarily  affecting  the  mucous  membrane.  In  the  former  case 
it  constitutes  part  of  a  general  peritoneal  tuberculosis ;  in  the  latter 
the  disease  is  almost  always  a  sequela  to  pulmonary  phthisis.  In 
children  a  primary  eruption  of  tubercle  may  occasionally  be  seen  upon 
the  mucosa  along  with  a  widespread  secondary  eruption  of  tubercle 
throughout  the  peritoneal  cavity.  These  cases  have  probably  been 
caused  by  the  consumption  of  ingesta  infected  with  the  tubercle 
poison. 

Tuberculosis  arising  in  the  Mucosa. — The  pulmonary  phthisis 
(tubercular  pneumonia)  with  which  the  disease  is  conunonly  associated 
is  usually  in  the  excavating  or  ulcerating  stage.  The  main  seat  of 
the  disease  is  the  caput  ccecum ;  it  diminishes  in  frequency  upwards 
and  downwards  from  this.  The  projections  of  the  valve  show  it 
first ;  it  assumes  the  character  of  a  nodular  deposit  with  a  tendency 
to  ulcerate.  The  first  thing  seen  is  a  number  of  little  projections 
(tubercular  lymph-follicles),  hard,  raised,  and  frequently  yellow  at  the 
summit  from  caseation;  they  are  often  widely  separated  (Fig.  405). 
They  soon  begin  to  ulcerate  from  the  caseous  tip  softening,  and  a 
small  volcano-like  excavation  results.  If  several  of  these  should  lie 
closely  together  they  tend  to  fuse,  and  thus  give  rise  to  an  ulcer 
having  the  following  distinctive  characters : — 
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The  Ulcer. — The  floor  (Fig.  405)  is  formed  of  the  submucosa  in- 
filtrated with  tubercular  nodules  and  caseous  debris ;  the  ulcer  seldom 


FlO.  405.— TUBERCl'LAR  ULCERATION  OK  MUCOSA  OF  IlEUM.      BETWEEN  THE  ULCERfl  ARE  8KKN 
THE  Tl'BERCULAR  LYMPH-FoLLICLES. 


presents  the  regular  aspect  of  the  typhoid  ulcer  ;  its  edges  are  sinuous, 
infiltrated,  and  somewhat  hard;  they  are  also  slightly  undermined, 
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but  less  so  than  in  the  case  of  the  typhoid.  The  infiltration  of  the 
edge  is  caused  by  tubercular  deposit  QPig.  406,  a).  The  ulcer,  as  a  rule, 
is  longer  in  one  direction  than  in  another,  and  the  long  axis  usually 


Fio.  406.— Perpendicular  Section  through  Edoe  of  a  Tubercular  Ulcer  of  Intestine 

(X50DIAM8.) 

(o)  Tubercle  in  the  infiltrated  edge  of  the  ulcer ;  (ft)  tubercular  small  cell  infiltration  of  the  edge  ; 
(c)  a  small  artery ;  (d)  the  slight  undennining  of  the  caseous  edge ;  (e)  floor  of  the  ulcer  formed  by  the 
infiltrated  submucosa  ;  (/)  tubercle  on  the  floor  with  giant  cells  in  it :  (g)  transverse  muscular  coat ; 
(A)  longitudinal  muscular  coat ;  (k)  rows  of  cells  passing  through  lymphatics  from  floor  of  ulcer  out 
to  the  tubercular  subserosa ;  (ni)  softened  tubercle  in  subserosa ;  (»)  another  tubercle  in  same  of 
younger  date ;  (o)  the  serosa. 


lies  transverse  to  that  of  the  intestine  (Fig.  405).  There  are  exceptions 
to  this  general  rule ;  the  ulcer  may  be  round  instead  of  oblong.  It 
very  seldom  perforates.  There  are  probably  two  reasons  for  this  :  the 
one  that  the  muscularis  is  rarely  destroyed ;  the  other  that  the  serous 
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coat  becomes  thickened  by  deposit  of  cicatricial  tissue  opposite  the 
ulcer.  The  serous  coat  is  usually  not  much  altered  unless  at  points 
corresponding  to  the  ulcers.  Here,  if  the  ulcer  be  of  any  standing,  a 
cicatricial  stellate  milky  patch  will  be  found  in  which  several  gray 
tubercles  are  embedded  (Fig.  407).  The  tubercles  often  radiate  from 
a  point  in  the  serosa  corresponding  to  the  centre  of  the  floor  of  the 
ulcer.     A  tubercular   small-cell  deposit  (Fig.  406,  k)  can  be  traced 


Fio.  407.— Serous   Coat   of    Intestixe   opposite   Tubercular   Ulcers   of  the   Muoosa. 
Cicatrix -LIKE  Patches  with  numerous  Tubercles  in  them  are  seen  at  the  Parts  oorre- 

SPOXDINO  TO  the  UlCERS. 


running  in  lines  through  the  rauscularis  out  to  the  subserous  coat, 
evidently  along  the  track  of  lymph-paths.  It  implicates  the  lymphatic 
vessels  of  that  structure,  causes  a  thickening  of  them,  and  gives  rise 
to  the  cicatrix-like  appearance  just  referred  to. 

The  mucosa  surrounding  the  ulcerated  part  may  be  congested, 
but  the  remainder  of  the  intestine  is  not  necessarily  so. 

The  extent  to  which  the  destruction  has  spread  is  sometimes  so 
great  that  there  is  hardly  sufficient  mucosa  left  to  separate  the  one 
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ulcer  from  the  other.  The  condition  of  the  intestine  under  such  cir- 
cumstances may  come  to  resemble  that  of  advanced  tropical  dysentery. 

The  disease  evidently  takes  its  origin  in  the  lymph -follicles.  These 
absorb  and  retain  the  tubercle  poison,  and  within  them  a  tubercular 
small-cell  deposit  with  giant-cells  soon  makes  its  appearance.  The 
deposits  are  rounded  and  circumscribed,  and  several  may  be  found 
within  a  single  nodule.  The  advent  of  caseation  destroys  the  struc- 
ture, and  reduces  it  to  an  amorphous  mass.  When  the  dead  materials 
are  removed  from  the  centre  the  tubercle  goes  on  spreading  at  the 
edge;  hence  the  hard  and  infiltrated  character  which  the  edge  usually 
bears. 

The  mesenteric  lymph-g^lands  are  always  much  enlarged  and 
tubercular  in  regions  corresponding  to  the  site  of  the  ulcers  in  the 
intestine. 

The  tubercles  all  along  the  alimentary  canal  tend  to  soften  and  to 
become  excavated  at  an  early  period,  probably  owing  to  the  intestinal 
juices  acting  upon  their  necrosed  centres. 

Lastly,  it  should  be  mentioned  that  the  ulcer  seldom  heals  com- 
pletely ;  if  a  partial  healing  takes  place  at  one  point  the  infiltration 
tends  to  spread  at  another.  A  tight  stricture  of  the  bowel  may  be 
caused  by  a  ring-like  ulcer  cicatrising. 

Intestinal  Obstruction. 
Intussusception  (intuSy  within,  and  suscipere,  to  receive). 

863.  This  term  is  applied  to  a  condition  in  which  a  contracted 
portion  of  bowel  slips  into  a  relaxed  portion  below.  The  intus- 
susception probably  never  occurs  in  the  opposite  direction.  The 
commonest  seat  of  it,  as  might  be  expected,  is  the  junction  of  small 
and  large  intestines.  The  narrow  small  intestine  protrudes  into  the 
more  capacious  caput  caecum  and  colon.  Some  portion  of  the  small 
intestine  is  the  next  common  seat ;  it  also  occurs  in  the  large 
intestine. 

The  cause  of  it  is  probably  irregular  contraction  of  the  bowel. 
The  function  of  the  circular  coat  of  muscular  fibre  is  to  contract  and 
elongate  the  intestine,  while  the  longitudinal  coat  widens  and  shortens 
it.  Hence  if  the  circular  coat  is  thrown  into  action  at  one  part,  the 
bowel  will  become  narrow  and  elongated  and  will  tend  to  be  pushed 
into  the  part  below,  more  particularly  if  this  be  relaxed  by  the  longi- 
tudinal layer  of  muscle  being  called  into  play. 

When  the  invagination  has  once  taken  place,  the  upper  segment 
of  bowel  tends  to  be  pushed  farther  and  farther  inwards.  The  portion 
pushed  inwards  is  known  as  the  volvulus  (Fig.  408,  d,  d),  while  an 
outer,  a  middle,  and  an  inner  layer  are  distinguished  (Fig.  408,  a,  5,  c). 
The  outer  layer  is  sometimes  named  the  sheath. 

The    unnatural   position   of   the   bowel   impedes    the    circulation 
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within  the  volvulus,  and  in  course  of  time  extinguishes  it.  The 
latter  consequently  falls  into  a  state  of  gangjene,  separates  from  its 
attachments  above,  and  is  removed  per  anum. 
Several  feet  of  bowel  may  thus  become  detached. 
The  gangrenous  separation,  in  most  cases,  is  not 
complete  before  the  eighth  day.  Death,  however, 
usually  takes  place  about  the  fifth  day  (Brinton), 
and  hence  in  some  instances  a  fair  chance  of  the 
separation  of  the  slough  taking  place  is  not 
afforded.  Brinton  estimates  that  the  separation 
of.  the  slough  occurs  in  one  in  every  two  (or  at 
most  three)  cases  (No.  461,  p.  47). 

Meanwhile,  and  previous  to  the  volvulus  sepa- 
rating, a  localised  inflammation  of  the  adjacent 
,1,^^™,.        ..        serous  surfaces  has  set  in,  whereby  a  fatal  rupture 
^  \  of  the  bowel  may  be  prevented.      An   annular 

I  /  effusion  of  lymph  occurs  at  the  point  k  (Fig.  408) 

^  ^  ^'^       which  effectually  glues  the  parts  together,  so  that 

when  the  volvulus  sloughs  off  the  continuity  of 
the  bowel  is  still  maintained. 

Stercoraceous  or  faecal  vomiting  is  a 
symptom  of  intussusception  and  other  forms  of 
intestinal  obstruction-  As  long  as  the  volvulus 
remains  attached  little  if  any  faecal  matter  passes 
the  point  of  obstruction.  The  old  explanation  of 
the  faecal  matter  finding  its  way  upwards  was 
based  upon  supposed  reversed  peristalsis.  Brinton, 
however  (No.  461,  p.  7),  showed  that  there  is  a 
double  current  as  it  were  in  the  movement  of  the 
intestinal  contents  in  such  cases,  an  outer  or 
descending,  and  an  inner  or  central  ascending. 
A  double  movement  in  fact  results  from  the 
intestine  contracting  against  the  obstruction  (see 
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FlO.  Hiifi'.  —  DiAORAM- 
MATIC  SCHKME  UF  INVAGI- 
NATION OF  THE  BOWEU 

('»,  &,  c)  Outer,  middle, 
and  inner  layers  ;  {d,  «/) 
volvulus  withcouKCsted 
mesenteric  vessels 

dragK't'd  into  it ;  (p)  dis- 
tended portion  of  bowel 
above  point  of  obstnic- 
tion  ;  (/,  g)  mesenteric 
arterj-  and  vein  dr«gKe<l 
into  the  invaginated 
part  of  the  bowel ;  (A) 
effusion  of  lyn)ph  at 
point  of  invagination ; 
(m)  portion  of  bowtl 
below  point  of  obstruc- 
tion. 


Fig.  409). 


Pod-mortem  In  vaginatwn. 


Invaginations  of  the  small  intestine  are  frequently  seen  after  death 
in  children,  sometimes  in  adults.  They  take  place  probably  as  death 
approaches.  They  are  known  from  the  foregoing  by  the  absence  of 
inflammatory  reaction  and  by  their  being  multiple. 


Other  Forms  of  Intestinal  Obstruction, 

864.  The  intestine  sometimes  takes  a  twist  (volvulus  or  ileus)  which 
effectually  obstnicts  its  channel.  The  loop  of  bowel  in  such  a  case  will 
be  found  loaded  with  diffluent  faecal  matter,  and  often  in  a  half- 
gangrenous  condition. 
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Old  fibrous  bands,  the  result  of  a  former  peritonitis,  sometimes 
induce  a  strangulation  of  a  large  mass  of  bowel.  The  bowel  gets 
under  the  adhesion  and  becomes 
more  and  more  firmly  packed 
beneath  it.  The  band  is  usually 
attached  on  the  one  hand  to  the 
mesentery,  on  the  other  to  the 
abdominal  wall.  It  sometimes 
consists  of  the  omentum  rolled 
up  into  a  compact  rope -like 
mass,  at  other  times  it  is  the 
terminal  filament  of  a  diverti- 
culum ilei,  in  which  case  it  is 
fixed  to  the  umbilicus  by  its 
peripheral  extremity.  Obstruc- 
tion may  also  be  caused,  of 
course,  by  various  forms  of  con- 
striction, such  as  that  resulting 
from  tropical  dysentery,  tuber- 
culosis, or  a  cancerous  ring. 
At  other  times  polypous 
tumours  may  occasion  it; 
they  sometimes  act  in  a  valve- 
like manner,  and  effectually  pre- 
vent the  passage  of  faecal  matter. 


Fio.  409.— Scheme  ok  Intkhtinal  Obbtruction 
to  illustrate  the  peristalsis  of  an  obstructed 
Bowel  (ajter  Brinton). 

(«)  Stage  of  moderate  distension  with  forward  and 
backward  currents,  as  indicated  by  the  arrows 
traversing  the  Mhole  tube  above  the  obstacle. 
The  contracte*!  segment  of  bowel  below  the  ob- 
stacle is  represented  at  lowest  part  of  the  figure. 
(t/)Stage  of  extreme  distension,  in  which  thedilated 
and  paralysed  segment  above  the  obstacle  is 
scarcely  engaged  by  either  of  these  currents. 


DiARRHCEA  {Siappoia,  a  flowing 
through), 

865.  The  watery  condition 
of  the  stools  in  diarrhoea  seems  to  be  due  usually  to  one  of  two  causes 
or  to  both,  namely,  failure  in  the  intestinal  contents  to  become  con- 
solidated as  they  enter  the  large  intestine,  and  augmented  watery 
efflux  from  the  mucous  membrane.  In  exceptional  cases  the  quantity 
of  mucus  given  off  by  the  intestine  may  also  be  increased,  thus  adding 
to  the  liquidity  of  the  dejecta.  Exalted  peristalsis  accompanies  the 
condition  and  causes  an  increased  tendency  to  expulsion  (Thiry). 

The  commonest  proximate  cause  of  diarrhoea  in  Man  is  the  applica- 
tion of  an  irritant  to  the  mucous  membrane.  This  induces  an  efflux 
of  liquid  and  excites  peristaltic  action.  The  irritant  may  be  some 
poisonous  matter  contained  in  the  food,  or  a  pathogenic  micro- 
organism. 

The  summer  diarrhoea  of  children  so  common  in  this  and 
other  countries  can  be  best  accounted  for  on  the  latter  grounds.  It 
seems  to  follow  regularly  in  the  wake  of  a  high  summer  temperature, 
and  is  commonest  in  damp  low-lying  districts.  The  dejecta  in  such 
cases  sometimes  swarm  with  zoogloea  masses  of  what  appears  to  be  a 
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mkroMccus.  The  masses  assume  a  spherical  or  polygonal  form. 
Escherich  has  isolated  a  comma  -  bacillus  from  the  dejecta,  which 
possesses  a  spirillar  shape  like  that  of  Asiatic  Cholera. 

Green  Diarrhoea. — The  dejecta  sometimes  assume  a  grass- 
green  colour  in  the  summer  diarrhoea  of  infants.  The  coloiu*  appears 
to  be  caused  by  the  green  colouring  matter  thrown  out  by  the 
bacillus  fluorescens  non  liquefadens.  It  is  doubtful  whether  the  organism 
can  be  regarded  as  the  cause  of  the  diarrhoea. 

Tomkins  (No.  6,  1889,  ii.  p.  180)  states  that  the  atmosphere  of 
the  town  of  Leicester  at  the  time  of  an  epidemic  of  summer  diarrhoea 
contained  at  least  double  or  treble  the  number  of  microbes  or  spores 
compared  with  periods  before  or  after  the  epidemic.  Further,  that  in 
the  district  of  the  town  (low-lying  and  damp)  most  affected  they 
were  fourfold  as  numerous  as  in  those  districts  of  the  borough  where 
the  disease  did  not  prevail.  He  used  Hesse's  apparatus  for  examining 
the  air. 

The  daily  quantity  of  freces  in  infants,  according  to  Forster,  Biedert,  Wegscheider, 
and  Uffelniann,  should  amount  to  about  40  grm.  From  100  grm.  nourishment  8  grm. 
feeces  are  given  off.  The  normal  colour  is  that  of  yolk  of  egg.  Along  with  less 
solid  constituents  there  are  usually  some  so-called  clots  consisting  of  fat  salts  of  lime 
and  spores  of  fungi.  Water  is  present  to  the  extent  of  84  to  86  per  cent.  Albumin 
can  be  detected  only  in  small  quantity  and  there  may  be  traces  of  peptone.  The  fats 
are  in  the  form  of  neutral  fat,  fatty  acids,  and  soap,  the  latter  from  10  to  20  per 
cent.  Tests  for  sugar  give  negative  results.  The  ash  yields  a  large  proportion  of 
lime.  Epithelium,  mucus,  bile-colouring  matter,  etc. ,  are  also  present  The  normal 
reaction  in  infants  is  somewhat  acid,  whereas  in  adults  it  is  usually  slightly  alkaline, 
more  rarely  acid  or  neutral  (Nothnagel).  The  acidity  appears  to  be  in  main  part 
caused  by  lactic  acid. 

Sprue. 

866.  A  peculiar  form  of  intestinal  disturbance  is  sometimes  met  with  in  tropical 
and  subtropical  climates,  commonly  known  as  "sprue."  Thin  (No.  193,xxxix.  1887,  p. 
337)  proposes  to  call  it  **  Psilosis"  (^iX6s,  bare)  from  the  rawness  or  bareness  of  the 
mucous  membrane  of  the  tongue.  It  is  often  accompanied  by  diarrhoea,  usually  by  an 
unnatural  redness  and  sensitiveness  of  the  tongue,  and  sometimes,  although  there  is 
doubt  on  this  matter,  by  albuminuria.  The  affection  is  also  associated  with  great  de- 
bility, probably  in  part  from  a  considerable  portion  of  the  proteids  passing  through 
the  intestine  undigested,  and  is  liable  to  become  chronic.  The  state  of  the  intestine 
has  not  been  ascertained  microscopically  ;  but  to  the  naked  eye  the  mucosa  is  said 
to  be  thin  and  atrophied.     It  looks  as  if  the  epithelial  surface  had  disappeared. 

Literature  on  Intestinal  Digestion, — Bokai  (Movements  of  Intestine)  :  Arch.  f. 
exp.  Path.  u.  Pharmakol.,  xxiv.  1887,  p.  153.  Brunton  and  Cash  (Absorption  of 
Gas  by  Intestine):  St.  Barth.  Hosp.  Rep.,  Lond.,  xxii.  1886,  p.  289.  Cash  (In- 
testinal Rest  and  Movement) :  Proc.  Roy.  See.  Ijond.,  xli.  1886,  p.  212.  Exner 
(Peristaltic  Movements) :  Arch.  f.  d.  ges.  Physiol.,  xxxiv.  1884,  p.  810.  Hay 
(Absorption  of  Salts  from  Alimentary  Canal) :  Brit.  Med.  Journ.,  1882,  ii.  p.  1204. 
Heidenhain  (Small  Intestine):  Arch.  f.  d.  ges.  Physiol.,  xliii.  1888,  p.  1,  suppl.- 
hft.  Leubuscher:  Studien  iib.  Resorption  seitens  des  Darmkanales,  1885.  Mal- 
fatti  (Use  of  Certain  Alimentary  Substances  in  Human  Intestine) :  Sitzungsb.  d.  k. 
Akad.  d.  Wissensch.  Math. -naturw.  CI.,  1884,  Wien,  xc.  1885,  p.  323.  R6hmaim 
(Secretion  and  Absorption):  Arch.  f.  d.  ges.  Physiol.,  xli.  1887,  p.  411.     Rouch : 
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Applications  de  la  methode  graphique  h  qnelqiies  points  de  la  physiologie  du  groa 
intestin,  1885.  Schilfer  (Origin  of  Proteids  of  Chyle  fend  Absorj>tion) :  Proc.  Koy. 
Soc.  Lond.,  xxxviii  1884,  p.  87  ;  also  (Absorption  by  Amoeboid  Cells),  Intemat. 
Monatachr.  f.  Anat.  u.  HistoL,  ii.  1885,  p.  6.  Spjee  (Movements  of  Villi) :  Arch. 
f.  Anat  u.  Entwicklngsgesch.,  1885,  p.  159.  Voit  (Digestion  of  Cellulose) :  Sitz- 
ungsb.  d.  k.-bayer.  Akad.  d.  Wissensch.  zu  Miinclien,  1869,  p.  431.  Wenz 
(Albuminous  Bodies  and  Intestinal  Digestion) :  Ztschr.  f.  Biol.,  iv.  1886,  p.  1. 

Literature  on  Micro-organisms  of  Alimentary  Canal. — Abelous :  Compt.  rend. 
Acad.  d.  So.,  cviii.  1888,  p.  310.  De  Bary  (Micro-organisms  in  Stomach) :  Arch, 
f.  exper.  Path.  u.  Pharmakol.,  xx.  1885,  p.  243.  Bunuut  (Mycosis  Intestinalis) : 
Berl.  klin.  Wochnschr.,  x.  1873,  p.  145.  Capitaii  and  Morau :  Compt.  rend. 
Soc.  d.  Biol. ,  ix.  1889,  p.  25.  David  :  Les  Microbes  de  la  bouche,  1890.  Escherich 
(Intestinal  Bacteria  of  Infants) :  Fortschr.  d.  Med.,  iii.  1885,  p.  515  ;  also,  Miinchen 
med.  Wochnschr.,  xxxiii.  1886,  p.  2  ;  also,  Arbeiten  a.  d.  path.  Institut  zu  Miinchen,  • 

1886,  p.  1.  Falk  (Relation  of  Infectious  Substances  in  Alimentary  Canal) :  Arch, 
f.  path.  Anat,  xciii.  1883,  p.  177.  Falkenheim  (Sarcina) :  Arch.  f.  exp.  Path.  u. 
Pharmakol.,  xix.  1885,  p.  339.  Goodsir  (Sarcina) :  Collected  Works.  M*JFadyean : 
Joum.  Anat  and  Physiol.,  xxi.  1886-87,  p.  227.  Miller:  Die  Mikro-organismen 
d.  Mundhohle,  1889;  also,  American  Transl.,   1890.     Netter:  Progi-^s  m^.,  v. 

1887,  p.  53.  Synopsis  of  Literature  on:  see  De  Baiy,  Arch.  f.  exp.  Path.  u. 
Pharmakol.,  xx.  1886,  p.  269.  Vijrnal  (Organisms  of  Faecal  Matter  and  Action  on 
Alimentary  Substances) :  Ann.  de  Physiol,  norm,  at  path.,  x.  1887,  p.  495  ;  Comptes 
rend.  Acad.  d.  Sc,  cv.  1887,  p.  311. 

Literature  on  Diseases  of  Duodenum, — Allonde :  De  I'ulc^reperforant  du  duodenum, 
1883.  Balfour  (Simple  Ulcer) :  Edin.  Med.  Journ.,  xix.  1874,  p.  933.  Bardeleben 
(Simple  Ulcer) :  Arch.  f.  path.  Anat,  v.  1852,  p.  251.  Bucquoy  (Simple  Ulcer) : 
Arch,  g^n  de  mM.,  1887,  i.  pp.  398,  526,  691.  Clark  (Simple  tjlcer) :  Brit  Med. 
Joum.,  1867,  L  p.  661  <rf  seq,  Collins  (Simple  Ulcer)  i  N.  Y.  Med.  Rec.,  x.  1875, 
p.  677.  Curling  (Ulceration  after  Bum) :  iWns.  Med.-Chir.  Soc.  Lond.,  xxv.  1842, 
p.  260.  Cuthbertson  (Ulceration  after  Bum) :  Med-  Times  and  Gaz.,  1867,  ii.  p. 
347.  Dutcher :  Cincin.  Lancet  and  Obs.,  ix.  1866,  p.  664.  Eskridg^e  (Gangrenous 
Duodenitis):  Tr.  Path.  Soc.  Phila.,  ix.  1880,  p.  18.  Fox  (Perforating  Ulcer  of 
Duodenum) :  Lancet,  1886,  L  p.  250.  Gibbon  (Perforation  after  Scald) :  Trans. 
Path.  Soc.  Lond.,  vi.  1855,  p.  189.  Hawkins  (Ulceration  after  Bum) :  Trans. 
Path.  Soc.  Lond.,  ii.  1849-50,  p.  290.  Heckford  (Simple  Ulcer) :  Lancet,  1866,  ii. 
p.  677.  Hewett  (Ulcer  after  Bum):  Trans.  Path.  Soc.  Lond.,  i.  1848-50,  p.  256. 
Krauss :  Das  perforirende  Geschwiir  im  Duodenum,  1865.  McCarthy  (Ulcer  after 
Bum) :  Trans.  Path.  Soc.  Lond.,  xxv.  1874,  p.  120.  Murchison  (Simple  Ulcer) : 
Trans.  Path.  Soc.,  ix.  1857,  p.  917.  Nidereang^ :  Sur  I'ulcke  simple  du  duodenum, 
1881.  Osier:  Duodenal  Ulcer,  1887.  Robinson  (Simple  Ulcer):  Trans.  Path. 
Soc.  Lond.,  xix.  1868,  p.  236.  Seigel :  Ueb.  d.  einfache  chronische  Duodenal- 
geschwur,  1877.  Stokes  (Ulcer  after  Burn) :  Dub.  J.  Med.  Sc.,  Ixii.  1876,  p.  327. 
Ulceration  after  Bum:  Med.  Times  and  Gaz.,  vi.  1853,  p.  554.  Wemich 
(Rupture) :  Arch.  f.  path.  Anat,  1.  1870,  p.  138.  Wilks  (C^es  of  Ulceration  after 
Bum):  Guy's  Hosp.  Kep.,  ii.  1856,  p.  133. 

Literature  on  Typhoid. — Babes  (Bacillus) :  Centralbl.  f.  Bakteriol.  u.  Parasitenk, 
X.  1891,  p.  281.  Brieeer  and  Ehrlich:  Berl.  klin.  Wochnschr.,  xix.  1882,  p.  661. 
Cassedenat :  Ann.  de  I'Inst.  Pasteur,  iv.  1890,  n.  625.  Chantemesse  and  Widal : 
Ann.  de  I'lnstitut  Pasteur,  ii.  1888,  p.  54.  (joats  :  Brit  Med.  Joum.,  1882,  i. 
p.  421.  Crooke:  Brit.  Med.  Joum.,  1882,  ii.  p.  15.  Cygnaeus :  Beitr.  z.  path. 
Anat  u.  z.  allg.  Path.  (Ziegler),  vii.  1890,  p.  375.  Eberth  :  Arch.  f.  path.  Anat, 
IxxxL  1880,  p.  58;  Ihid.,  Ixxxiii.  1881,  p.  486.  Fraenkel  and  Simmonds:  Die 
aetiolog.  Beaeut  d.  typhus  Bacillus,  1886.  Gaffky :  Mitth.  a.  d.  Gesund.-amt, 
ii.  1884,  p.  372  ;  also,  Eng.  Transl.  in  '*l^cteria  in  Relation  to  Disease,"  N.  Syd. 
Soc,  1886.  Gasser  (Culture  of  Bac.  in  Coloured  ^ledia) :  Arch,  de  med.  exp^r.  et 
d'Anat  path.,  ii.  1890,  p.  750.  Uffelmann  (Bacillus):  Berl.  klin.  .Wochnschr., 
xxviii.  1891,  p.  857. 

Intestitie— Obstruction.— Fleiner  I  Arch.  f.  path.  Anat,  ci.  1885,  p.  484.  Golt- 
dammer :  Berl.  klin.  Wochnschr.,  xxvi.  1889,  p.  197.  Hamilton  (G.)  (Two  Cases) : 
L'pool  M.-Chir.  Joum.,  viii.  1888,  p.  247.  Kisch  (Reflex  Causes):  Berl.  klin. 
Wochnschr.,  xxiv.  1887,  p.  260.  Obalinski :  Berl.  klin.  Wochnschr.,  xx\n.  1889, 
p.  251. 


CHAPTER  LXXV 

THE  INTESTINE— (Coji^Vwued) 
Dysentery  (8vs,  xcith  difficulty^  and  evrepov,  tlie  bowel). 

867.  Anatomical  Changes. — The  disease  usually  commences 
in  the  large  intestine  and  may  be  entirely  confined  to  it.  Sometimes, 
however,  the  small  intestine  becomes  secondarily  affected.  It  is  in 
these  cases  that  the  earlier  stages  of  the  lesion  can  be  studied. 

An  injection  of  the  blood-vessels  of  the  serosa  commencing  in  the 
jejunum,  and  often  spreading  itself  over  the  entire  small  intestine,  is  a 
constant  feature.  The  mucosa  has  a  dark  red  or  purple  colour  from 
like  deep  injection  of  its  vessels.  Then  follows  a  thickening  of  the 
mucosa  and  submucosa  from  inflammatory  effusion  into  them.  The 
valvulse  conniventes  lose  their  membranous  character  and  become 
converted  into  thick  annular  protuberances.  The  surroundings  of  the 
Peyer's  patches  are  much  congested,  and  hence  map  these  bodies  out 
with  unusual  distinctness.  The  patches  themselves,  however,  are  free 
from  infiltration,  a  fact  which  might  serve  to  distinguish  a  doubtful 
case  from  typhoid. 

Towards  the  lower  end  of  the  small  intestine  the  mucosa  has  a 
rusty  brown  colour,  and  has  become  so  detached  from  underlying  parts 
that  it  can  easily  be  scraped  off  with  a  knife.  The  detachment  and 
disintegration,  however,  are  seldom  uniformly  distributed. 

Coming  down  to  the  large  intestine,  it  will  be  found  that,  in 
addition  to  the  thickening  and  congestion,  large  portions  of  mucous 
membrane  have  sloughed  off,  while  shreds  of  the  same  are  found  lying 
loose  or  dangling  by  slender  isthmus-like  pedicles.  The  separation 
seems  to  take  place  at  the  submucosa.  It  is  here  that  the  infiltration 
is  greatest,  and  it  is  here  also  that  the  disintegrative  necrosis  is  most 
active.  The  floor  of  the  denuded  parts  of  the  intestine  is  constituted 
by  the  muscularis,  which  seldom  seems  to  be  destroyed  to  any  extent. 
Hence  perforation  is  usually  prevented. 

When  the  mucosa  has  got  into  this  tattered  condition  it  never 
seems  to  recover  itself.      Even  after  years  the   tags   of   membrane 
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which  have  preserved  their  vitality  will  be  found  floating  free  in  the 
channel  of  the  bowel.  Unfortunately,  however,  the  bowel  has  a 
tendency  to  cicatrise  circumferentially,  and  this  brings  about  a 
stricture  of  its  lumen. 

The  disease  is  often  associated  with  abscess  of  the  liver  (Sect. 
685). 


Fio.  410.— Tropical  Dysentery.    Mucous  Mbmbraxe  of  Large  Intestine  some  Months  akter 

AN  Acute  Attack,  showing  its  Tattered  and  Shreddy  Condition. 

The  tags  of  tissue  (a,  a)  represented  are  all  tliat  remains  of  the  mucosa.    The  intervening  parts 

(b,  h)  correspond  to  the  muscularis. 


Etiology. — The  whole  character  of  the  disease  points  to  its  being 
of  parasitical  origin.  Yet  although  the  surface  of  the  sloughy  bowel 
may  be  covered  with  masses  of  micro-organisms,  a  distinct  and  indubit- 
able dysenteric  organism  has  not  as  yet  been  isolated. 

A  curious  association  with  the  disease  is  that  of  the  amoeba  coli 
(Fig.  411)  described  by  Losch  (No.  13,  Ixv.  1875,  p.  196),  Kartulis 
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(No.  13,  cv.  1886,  p.  521),  and  others.  It  occurs  in  the  contents  of 
the  large  intestine,  and  sometimes  abundantly  in  the  dejecta.  It  is 
usually  enveloped  or  entangled  in  a  mass  of  mucus.  Whether  it  has 
anything  to  do  with  the  causation  of  the  malady,  or  whether  its  pres- 
ence is  to  be  regarded  simply  as  an  epiphenomenon,  remains  undecided. 


^.^. 


Fig.  411.— Am(eba  CJoli  in  Dysektery. 

Croupous  Enteritis. 

868.  Syn. — English  Dysentery,  Cholera  Nostras. 

The  mucous  membrane  of  the  bowel,  like  most  other  mucous 
membranes,  is  said  to  be  subject  to  a  croupous  inflammation — that  is 
to  say,  an  inflammatory  engorgement  in  which  a  croupous  exudate  is 
poured  out  on  the  surface,  and  from  which  fibrinous  lymph  is  pre- 
cipitated in  the  shape  of  a  false  membrane.  The  large  intestine  is 
the  part  of  the  bowel  which  is  usually  said  to  be  affected  with  this 
alleged  disease. 

The  mucosa  is  deeply  injected  and  has  a  dark  red  colour,  while 
the  surface  is  covered  with  a  thin  pellicle  of  a  grayish  colour.  Small 
superficial  ulcers  may  be  seen  in  great  abundance  on  the  injected 
mucosa.  The  condition  is  associated  with  severe  diarrhoea,  and  the 
disease  is  sometimes  known  clinically  as  "English  dysentery."  It 
frequently  proves  fatal. 

The  microscopic  examination  reveals  appearances  somewhat  diff'erent 
from  what  might  be  expected.  There  is  little  if  any  fibrin  on  the 
surface,  and  the  gray,  somewhat  pultaceous,  deposit  which  can  be 
scraped  off,  and  which  destroys  the  natural  moist  lustre  and  smooth- 
ness of  the  mucosa,  is  in  reality  a  superficial  slough  of  the  mucosa  itself 
(see  Fig.  4 1 2,  a,  a,  a).  There  may  be  cases  in  which  a  distinct  fibrinous 
membrane  can  be  detached,  but  these  certainly  do  not  constitute  the 
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general  run  of  fatal  instances  of  so-called  croupous  enteritis.  The 
mucosa  and  contained  crypts  seem  to  lose  their  vitality,  become  fatty, 
and  are  cast  off. 


Fia  412.— Section  of  Large  Intestine  in  Croupous  Enteritis  (  x  50  Diams.) 
(a,  a,  a)  The  ulcerated  mncosa  with  dead  tissue  on  its  surfoce— the  so-called  false  membrane ;  (&> 
deposits  of  small  round  cells  vrith  hiiemorrhages  in  submueosa  ;  (c)  fat  cells  in  submucosa ;  (d)  fat 
cells  in  serosa ;  (e)  transverse  muscular  coat  with  localised  htemorrhages  into  it ;  (/)  longitudinal 
xnoscular  coat  with  congested  vessels  (Logwood,  Fuchsin,  and  Clarified). 


The  vessels  of  the  intestine  out  to  the  subperitoneal  fat  are  much 
dilated  and  engorged  with  blood.  Those  of  the  peritoneum  appear  to 
escape.    Numerous  large  extravasations  of  blood  are  seen  in  the  mucosa, 
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in  the  submucosa,  and  spreading  between  the  bundles  of  fibres  of  the 
muscularis.  The  half -detached  portions  of  mucous  membrane  are 
filled  with  blood  eff*u8ed  from  the  over-weighted  vessels.  Aggregations 
of  leucocytes  are  present  in  the  vessels  as  well  as  outside  of  them. 

Masses  of  granular  matter  are  found  on  the  surface  of  the  sloughs 
and  in  their  substance,  but  the  author  has  as  yet  failed  to  detect  any 
unusual  accumulation  of  bacteria  by  the  use  of  Gram's  or  other  • 
methods  of  procedure.  By  Gram's  method,  however,  numerous  disc- 
shaped  bodies  like  immature  coloured  corpuscles  are  revealed  in  abund- 
ance. So  numerous  are  they  in  some  vessels  as  to  constitute  thrombus- 
like masses.  They  lie  side  by  side  with  ordinary  coloured  corpuscles 
which  are  somewhat  larger  than  the  bodies  in  question.  Their 
interior  is  occasionally  slightly  granular,  and  they  appear  in  most 
instances  to  have  become  contorted.  So  intensely  do  they  colour  with 
fuchsin  or  gentian-violet  that  the  result  might  almost  be  regarded  as 
a  reaction.  When  every  trace  of  colour  has  been  washed  out  of  the 
preparation  they  are  seen  brilliantly  stained.  Similar  corpuscles  are 
occasionally  found  in  tubercular  lungs. 

Termination. — Croupous  enteritis  appears  to  end  sometimes  in 
a  cicatrisation  of  the  wounded  parts  not  unlike  that  of  tropical 
dysentery.  The  remainder  of  the  coat  of  the  large  intestine  is  thick 
and  fibrous  and  the  channel  becomes  constricted.  The  scars  from 
the  ulcers  are  so  numerous  on  the  surface  that  little  of  the  mucosa  may 
be  left.  Villous  or  polypoid  projections  may  be  seen  on  the  mucosa  of 
the  lower  end  of  the  ileum,  apparently  a  result  of  the  previous  unduly 
great  vascularity. 

The  relationship  of  this  disease  to  tropical  dysentery  has  not  as 
yet  been  made  out.  It  is  possible  that  it  is  closer  than  in  this  country 
is  generally  supposed. 

Asiatic  Cholera. 

869.  Si/n. — Epidemic  Cholera. 

Historical. — Cholera,  with  the  exception  of  influenza  and  small- 
pox, is  perhaps  the  most  widely  disseminated  contagious  malady  we 
know  of.  Curiously,  however,  it  has  not  been  always  so.  There  is 
evidence  to  prove,  no  doubt,  that  in  India  and  possibly  also  in  China 
it  has  been  indigenous  from  the  remotest  times.  Ancient  Sanscrit 
manuscripts  give  a  description  of  what  could  not  be  other  than  this 
we  now  recognise  as  Asiatic  cholera ;  while  contemporaries  in  China 
of  Hippocrates  and  Confucius  have  under  the  name  of  Ho-luan  re- 
corded a  disease  which  is  generally  considered  to  be  identical  with  the 
cholera  of  modern  times.  It  was  not,  however,  until  the  present  cen- 
tury that  it  began  to  take  on  a  tendency  to  travel.  Previously  it 
remained  indigenous  in  the  countries  where  it  was  engendered,  and 
chiefly  in  India.  In  the  beginning  of  this  century,  probably  with  the 
advent  of  increased  commercial  facilities,  it  began  to  spread  periodic- 
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ally  into  foreign  lands,  and  to  overrun  ultimately  the  whole  of 
Europe  and  a  great  part  of  America.  It  is  questioned  whether  before 
this  time  the  disease  was  even  known  in  Europe,  the  descriptions 
given  by  Hippocrates,  Galen,  Celsus,  and  others  appearing  to  refer  to 
what  we  now  designate  as  cholera  nostras^  not  to  true  Asiatic  cholera. 
There  is  one  significant  point  about  true  cholera,  namely,  that  wherever 
it  occurs  and  whatever  people  it  affects  it  induces  the  same  line  of 
symptoms,  and  is  accompanied  by  the  same  fatal  consequences. 
Hence  had  there  been  any  great  prevalence  of  the  disease  in  Europe 
in  bygone  times  we  would  certainly  have  had  some  record  of  it  handed 
down  to  us.  Nothing  of  the  kind,  however,  is  to  be  met  with,  until 
the  year  1817,  the  memorable  year  in  which  the  disease  became 
pandemic. 

The  Source  of  the  Disea^, 

India  undoubtedly  is  the  great  nursery  of  the  disease.  Several  districts  have  now 
become  notorious,  so  much  so  that  they  can  hardly  be  said  ever  to  be  entirely  free 
from  it ;  but  of  all  localities,  that  of  the  Delta  of  the  Ganges  stands  pre-eminent 
in  this  respect.  The  Ganges  towards  its  divulgence  into  the  Bay  of  Bengal  unites 
with  the  Brahmaputra,  and  the  waters  from  the  two  sources  open  by  a  series  of 
seventeen  main  arms  into  the  sea.  The  district  around  these  is  known  as  the  Sun- 
derbunds,  and  perhaps  is  the  most  unhealthy  for  human  beings  of  any  locality  on 
the  face  of  the  globe.  Vegetation  is  rife,  the  brackish  tidal  waters  continually  soak 
the  decaying  vegetable  matter,  and  the  temperature  is  such  as  to  encourage  those 
conditions  which  we  know  to  be  most  favourable  for  the  growth  of  most  vegetable 
parasites.  It  is  here  that  apparently  the  cholera  parasite  is  fostered  and  grows. 
The  district  is  almost  uninhabitable  on  account  of  its  attacks  and  those  of  malarious 
diseases,  and  the  few  natives  who  are  to  be  found  in  the  district  do  their  best  to 
propagate  the  disease  by  floating  their  dead  on  rafts  away,  as  they  hold,  to  the 
celestial  fields. 

Direction  folloiced  by  it. 

From  this  hotbed  of  cholera  the  contagion  has  spread  westwards,  broadly  speak- 
ing, in  three  directions.  The  first  and  earliest  was  along  the  valley  of  the  Ganges 
to  the  north-west  provinces  of  India  into  Afghanistan,  thence,  by  caravan  routes, 
by  way  of  Balkh,  Bokhara,  and  Khiva  to  Russia.  The  second  followed  the  course 
of  the  Gulf  of  Persia  south-west  to  Syria  and  Egypt,  and  north-west  towaids  the 
Caspian  Sea.  The  town  of  Astrakhan,  on  the  west  shore  of  the  Caspian  Sea,  has 
always  been  a  stronghold  of  the  disease  through  whatever  route  Kussia  has  been 
invaded,  and  lying  as  it  does  at  the  mouth  of  the  Volga,  the  disease  has  invariably 
run  a  rapid  course  upwards  to  Saratov  and  Kasau.  The  third  route  is  that  which 
cholera  has  always  followed  since  the  pandemic  of  1865  with  the  exception  of  the 
outbreak  of  1892,  The  Red  Sea  littoral  has  been  the  great  starting  ^wiut,  the  disease 
being  brought  thither  by  pilgrims  to  the  Holy  City.  Thence  it  has  spread  rapidly 
into  Egypt  and  along  the  Mediterranean.  The  pandemic  of  1892,  curiously  and  as 
presently  to  be  explained,  reverted  to  the  old  route  through  Afghanistan  from 
Northern  India. 

The  First  Four  Great  Pandemics. 

Previous  to  the  year  1875  there  had  been  four  great  pandemics  of  the  disease,  all 
starting  from  Indian  soU.     The  first  occurred  between  the  years  1817-1823,  the 
VOL.  II  2  N 
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second  between  1826-1837,  the  third  from  1846-1863,  and  the  fourth  between 
1865-1875. 

The  exact  origin  of  the  first  of  these  is  somewhat  obscure.  In  May  of  1817  it 
was  nt  Kishnaghur,  on  the  Hooghly,  in  the  beginning  of  August  at  Calcutta,  and  in 
the  middle  of  the  same  month  at  Jessore.  Indeed,  the  last-mentioned  town,  situated 
a  short  way  from  Calcutta,  generally  gets  tlie  credit  of  having  been  its  starting 
point.  In  four  months  it  had  broken  out  in  the  greater  part  of  lower  Bengal. 
Early  in  November  it  was  rampant  at  Mirzapore  and  in  the  Bundelkund  State, 
where  it  proved  most  disastrous  to  the  army  under  the  command  of  the  Marquis  of 
Hastings,  then  Govern  or- General  of  India.  The  detachment  consisted  of  10,000 
combatants  and  80,000  servants  and  followers.  The  disease  insinuated  itself  in- 
sidiously among  the  followers  on  the  7th  and  8th  November  1817,  and  in  a  few  days 
spread  through  the  whole  camp.  Young  and  old,  £uroi3ean  and  native,  were 
equally  struck  down  by  it.  The  sentinels  dropped  at  their  posts  as  if  they  had  been 
shot,  so  that  three  or  four  men  were  required  for  a  watch  extending  over  a  couple  of 
hours.  Many  of  those  who  were  seized  died  before  reaching  the  camp  hospitals,  and 
men  conveying  the  sick  were  often  seized  on  the  way  and  died.  Ultimately  the 
living  proved  quite  incompetent  to  buiy  the  dead,  and  what  remained  of  the  troops 
were  saved  only  by  shifting  camp  to  hilly  ground  in  the  neighbourhood.  A  number, 
amounting  to  7064  combatants  and  8000  followers,  died  in  this  single  outbreak. 

During  December  and  February  the  plague  seems  to  have  become  latent  or 
actually  extinguished  for  the  time  being,  but  in  March  1818  it  reappeared  in  most 
of  the  places  formerly  visited  by  it  It  now  spread  over  nearly  the  whole  of 
Hindostan  ;  only  a  few  districts  escaped,  more  especially  those  which  were  hilly. 
It  ran  up  the  valley  of  the  Ganges,  in  a  north-westerly  direction,  through  Agra, 
Mattra,  Delhi,  Oudh,  and  Lucknow,  to  the  Punjaub,  while  offshoots  struck  south- 
wards and  westwards.  So  that  in  August  it  reached  Bombay,  and  subsequently 
overran  the  Konkan  and  Malabar  coast  to  reach  the  southernmost  limit  of  Hindostan 
towards  the  end  of  1818  and  the  beginning  of  1819.  As  early  as  1818  it  had  already 
crossed  its  indigenous  borders,  having  invaded  Ceylon,  and  in  time  completely  over- 
spread the  whole  island.  It  also  found  its  way  over  Burmah  and  Siam  to  Singapore, 
and  in  the  year  1820  to  Java,  Borneo,  and  other  of  the  Sunda  Islands.  China  lastly 
fell  a  victim  to  its  ravages,  and  proved  a  congenial  soil  on  which  to  flourish.  It 
spread  devastation  from  one  end  of  the  country  to  the  other.  It  travelled  west- 
wards, somewhat  later  than  east  and  southwards.  It  showed  first  at  Muscat  on  the 
east  coast  of  Arabia,  whither  it  had  been  transported  from  Bombay.  It  crossed  to 
the  coast  of  Persia  and  travelled  north  towards  the  Euphrates  and  interior  of  Persia. 
It  penetrated  finally  in  the  spring  of  1823  to  Syria  and  Palestine,  and  in  May  of  that 
year  reached  Russia.  Curiously  it  began  to  die  out  in  October,  and  was  extinguished 
in  all  the  places  visited  in  the  following  winter.  Thus  ended  the  first  pandemic 
outbreak  of  cholera  on  extra-Indian  soil. 

The  commencement  of  the  second  pandemic  dates  from  the  year  1826.  It  be- 
became  prevalent  in  Bengal  and  passed  up  the  valley  of  the  Ganges.  Its  westward 
course  was  effected  by  two  routes.  One  of  these  was  from  Lahore  in  1827  to  Cabul, 
Balkh,  and  Bokhara  by  caravan  routes.  In  1828  this  branch  had  reached  Khiva, 
and  in  1829  Orenburg  in  Russia.  The  disease,  however,  as  propagated  along  this 
line  died  out  in  the  foUo^'ing  winter.  The  second  route  which  it  took  lay  through 
Persia  in  1829  to  Teheran  in  the  autumn,  and  finally  to  Astrakhan  on  the  west 
coast  of  the  Caspian  Sea.  From  this  last  focus,  as  always  happens,  it  spread  up  the 
Volga  to  Saratov  and  Kasan.  Before  1830  it  had  taken  a  firm  hold  upon  Russian 
soil,  so  firm  that  even  the  cold  winter  of  1830-1831  did  not  stop  it.  In  the  early 
months  of  1831  it  had  reached  the  Baltic  provinces  and  Poland.     The  Russo-Polish 
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war,  which  was  raging  at  the  time,  served  to  diffuse  it  wide-cast.  In  June  St. 
Petersburg  was  stricken,  and  in  July  it  penetrated  as  far  northward  as  Finland.  It 
was  conveyed  also  to  Arabia  by  pilgrims,  whence  it  spread,  through  their  inter- 
mediation, over  Egypt,  Syria,  and  Palestine.  It  ran  up  the  Nile  as  far  as  Thebes 
and  down  to  Alexandria.  It  reached  Grermauy  by  three  routes,  the  first  directly 
from  Poland,  the  second  through  Danzic  by  Russian  ships  of  war,  and  the  third  also 
from  Russia,  but  by  way  of  Austria. 

From  Germany  it  was  conveyed  to  Great  Britain  in  1831.  A  vessel  from  Ham- 
burg brought  the  disease  to  Sunderland  in  October  of  that  year,  and  outbreaks 
speedily  occurred  in  Newcastle  and  Gateshead.  By  December  it  had  reached  Scot- 
land, and  in  the  course  of  a  year,  foUo^nng  commercial  highways  and  rivers,  had 
overspread  the  greater  part  of  Britain.  Hilly  districts  were  usually  exempt,  our 
Scotch  Highlands  having  remained  quite  free  from  it.  France  was  smitten  about 
the  same  time  as  this  country,  and  from  France  the  disease  found  its  way  into 
Belgium.  Denmark  escaped  completely,  but  Norway  and  Sweden  suffered  severely 
in  the  year  1834.  Before  it  had  reached  the  south-west  of  Europe  it  had  already 
crossed  to  America.  Canada  was  attacked  in  the  beginning  of  June  1832  ;  it  spread 
with  terrible  rapidity  along  the  St.  Lawrence  and  its  tributaries.  The  States  were 
also  severe  sufferers,  the  disease  penetrating  to  the  Pacific  across  the  Rocky  Moun- 
tains. South  America  was  invaded  in  1835,  where  the  disease  committed  great 
ravages.  The  pandemic  continued  to  press  into  Southern  Europe.  Spain  and 
Portugal  fell  ready  victims  to  it  in  the  year  1833,  Marseilles  in  1834,  Piedmont  in 
1835.  Thence  it  was  carried  into  Southern  Italy,  Austria,  Sicily,  and  Malta.  This 
second  pandemic  died  out  in  the  year  1837-1838  at  every  point  throughout  the  vast 
territory  over  which  it  had  spread. 

The  third  great  pandemic,  that  of  1846-1863,  followed  much  the  same  route, 
arising  in  India,  spreading  gradually  over  Persia,  Russia,  and  Europe,  and  finally 
crossing  to  America. 

The  fourth,  that  of  1865-1875,  was  much  more  rapid  in  its  progress,  owing  no 
doubt  to  the  increased  facilities  for  commercial  intercourse.  Like  most  of  the  later 
cholera  waves,  it  did  not  follow  the  old  overland  route  through  Persia  by  the  slow 
instrumentality  of  pedestrian  and  equestrian  transport,  but  was  brought  to  the 
coast  of  Arabia  directly  by  pilgrims.  Thence  it  spread  in  a  few  weeks  over  a  large 
part  of  southern  Europe.  As  usual  it  took  origin  in  the  lower  basin  of  the  Ganges. 
In  all  these  visitations  Australia  remained  practically  exempt,  and  the  islands  of 
the  Pacific,  the  Cape  of  Good  Hope,  and  the  central  parts  of  Africa  enjoyed  a  like 
inununity. 

The  Epidemic  of  1892. 

The  danger  of  a  rapid  spread  of  the  malady  is  nowadays,  of  course,  far  greater 
than  formerly.  What  was  formerly  a  matter  of  years  has  now  become  one  of  weeks 
or  days  owing  to  steam  traffic.  Mecca  seems  to  be  the  great  centre  of  the 
evil.  Thither,  pilgrims,  gathered  from  all  parts  of  the  East,  convey  periodically  the 
germs  of  the  disease  and  disseminate  them  broadcast  The  Holy  Well  of  Mecca 
appears  to  be  a  veritable  cholera  laboratory.  The  water  is  contaminated  beyond 
description  with  all  manner  of  abominable  impurity.  A  bucket  of  this  is  emptied 
over  the  head  of  each  of  the  faithful,  the  excess  being  allowed  to  run  back  into 
the  source  from  which  it  was  obtained.  A  quantity  of  the  water  is  also  drunk 
by  each  pilgrim.  At  the  last  ceremony  which  took  place,  the  twelve  miles  of  road 
to  Ararat  were  in  a  few  days  thickly  strewn  with  the  dead,  some  30,000  having 
ultimately  succumbed.  This  epidemic  appears  to  have  come  from  India  along 
the  old  route  by  the  northern  provinces,  Afghanistan,  and  Russia  in  Asia.     It 
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showed  violently  in  Srinagar,  in  Cashmir,  in  May  of  the  same  year.  It  was  reported 
in  Askabad  on  4th  June,  having  meanwhile  traversed  Afghanistan.  From  this 
point  it  spread  rapidly  westwards  by  the  Trans-Caspian  Railway,  the  great  highway 
of  commerce  of  the  district  It  struck  two  points  on  the  western  shore  of  the 
Caspian — namely,  Baku  and  Astrakhan.  From  Baku  it  was  carried  by  the  Trans- 
Caucasian  Railway  to  Tiflis,  where  it  arrived  on  26th  June,  and  from  Astrakhan  it 
again  ran  up  the  Volga  by  the  steamboat  traffic  to  Kasan.  Moscow  was  reached 
on  5th  August,  and  St.  Petersburg  on  17th  August  It  was  next  conveyed  by  the 
stream  of  Russian  emigrants  to  Hamburg  and  Antwerp,  in  the  former  of  which 
cities  it  committed  tremendous  ravages.  Thus  in  from  three  to  three  and  a  half 
months  it  found  its  way  from  Northern  India  practically  to  our  own  doors,  a  dis- 
tance which  in  former  times  was  traversed  in  about  as  many  years. 


The  Cholera  Germ. 

It  is  now  pretty  well  accepted  on  all  hands  that  the  vegetable 
parasite — the  cholera  bacillus,  spirillum,  or  spirochaeta — discovered  by- 
Koch  is  the  active  agent,  the  materies  morbi,  of  Asiatic  cholera. 

The  history  of  the  discovery  of  this  parasite  is  as  follows : — In  the  year  1888  a 
Commission,  equipped  by  the  German  Government,  investigated  the  cause  of  the 
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disease  in  the  Greek  Hospital  at  Alexandria.  The  results  so  far  were  in  great  part 
negative.  They  satisfied  themselves,  however,  that  the  blood  was  free  from  orgau- 
ismal  impurity  ;  that  there  were  only  a  few  organisms  in  matters  vomited,  but  that 
they  were  very  abundant  in  the  dejecta.  All  the  organs  were  remarkably  free  from 
organismal  impurity.  At  this  time  Koch  had  not  discovered  the  preponderance  of 
a  particular  organism  in  any  of  the  excreta.  Inoculation  and  feeding  experiments 
with  mice  and  rats  proved  quite  negative  ;  the  animals  remained  after  such  experi- 
ments in  remarkably  good  health. 

In  the  year  1884  another  German  Commission,  Koch  being  at  the  head  of  it, 
was  sent  out  to  India,  with  the  result  that  the  preponderance  of  a  comma-shaped 
organism  in  the  intestinal  walls  and  dejecta  was  satisfactorily  made  out. 

Morphology  and  Conditions  of  Growth.  —  The  organism 
in  question  is  about  from  a  half  to  two-thirds  the  length  of  a  tubercle 
bacillus,  but  much  more  bulky,  and  thicker  than  the  latter.  Some- 
times the  individuals  hang  in  couples,  or  the  curve  may  be  double, 
resembling  the  lett^.r  S  (Fig.  413).      Like  the  spiralla  of  Finkler- 
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Prior  and  of  Deneke,  it  is  a  ciliated  organism.  When  stained  by  Van 
Ermengem's  method  (No.  609)  the  cilia  are  seen  to  be  long  and  often 
very  tortuous  (see  Fig.  414). 

When  cultivated  artificially,  the  curves  of  the  organism  become 
more  numerous,  so  that  a  spirillar  or  cork-screw-like  body  results  (Fig. 
413).  This  is  now  regarded  as  a  degenerative  form;  it  is  found  only 
in  old  exhausted  cultivations,  not  in  the  alimentary  canal  or  dejecta. 

Spore-like  bodies  have  been  described  within  the  little  curved 
rod.     These,  however,  are  held  to  be  mere  vacuole  cavities,  such  as 
are  seen  in  the  typhoid  organism  and  in  some 
others.      Hueppe,  Babes,  and   Neisser   have  ;  ..^^^      c^ 

alleged  that  the  organism  also  divides  in  a  f#  r^^^     S^ 

chain-like  fashion,  and  that  arthrospores  develop  ^^^^3 

among  the  individuals  of  the  chaia       Such  ^^^^ 

allegations,  however,  are  as  yet  of  somewhat  ^^  ^p 

doubtful  value,  the  general  impression  being  ^^      ^ 

that  the   organism   under   ordinary   circum- 
stances does  not  spore.     This  is  a  matter  of    '''«•  ^^^-^^^^^^  8"«;^^^ 

.  -  11*  FROM  A  Culture  stained  by 

the  greatest  importance ;  for,  as  we  know  from       vax  brmenoem's  method 
the  study  of  other  like  parasites,  the  spore  is      and  showing  the  cilia. 
much  more  resistant  to  destructive  agencies 

than  the  bacillus,  and  when  dried  may  be  kept  almost  indefinitely, 
ready  to  bud  forth  again  when  placed  upon  a  congenial  soil.  Not  so 
the  bacilli.  These  are  readily  destroyed  by  drying,  slight  excess  of 
heat,  etc.  The  cholera  organism,  indeed,  seems  to  be  more  easily 
killed  than  most  other  microbes  of  the  same  type.  Thus  the  bacillus 
of  anthrax  may  be  dried,  say,  on  a  cover-slip,  and  will  still  retain  its 
vitality  for  several  days  ;  some  others  retain  theirs  for  weeks  even 
although  perfectly  spore-free.  The  cholera  organism,  on  the  contrary, 
dies  at  latest  in  three  hours  after  being  air-dried  in  a  thin  film. 

There  seems  therefore  little  chance  of  the  disease  being  trans- 
mitted by  it  on  the  surface  of  packages,  etc.,  coming  from  a  cholera 
district  There  is  no  history  of  even  an  isolated  case  having  arisen 
through  such  a  means  of  contamination. 

In  the  moist  condition,  however,  its  vitality  may  be  retained  for 
months  or  years  if  the  supply  of  atmospheric  oxygen  be  plentiful. 

In  most  of,  but  not  in  all,  the  great  epidemics  of  cholera  the 
disease  has  died  out  or  become  latent  with  the  advent  of  winter.  The 
reason  of  this  is  apparently  that  the  cholera  microbe  will  not  grow 
below  16°  C.  Its  development  is  somewhat  lively  at  from  17°  to  18° 
C. ;  the  temperature  which  is  most  favourable  is  from  30°  to  40°  C. 
When  heated  up  to  60°  C,  its  vitality  is  entirely  destroyed  in  ten 
minutes,  indeed,  probably  long  before  this ;  a  very  low  temperature, 
however,  although  it  inhibits  the  growth  of  the  microbe,  does  not  kill 
it.  As  soon  as  the  suitable  temperature  and  other  necessary  condi- 
tions are  forthcoming,  its  vitality  breaks  out  afresh  with  unabated 
vigour. 
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It  will  not  grow  on  an  acid  basis,  and  any  excess  of  acid,  organic 
or  inorganic,  is  fatal  to  it.  Hence,  although  it  may  adhere  to  the 
outside  of  acid  fruits  and  vegetables,  the  contagion  is  probably  not 
conveyed  to  any  great  extent  by  means  of  these.  It  flourishes  readily 
upon  fresh  milk,  but  whenever  the  milk  becomes  sour  the  organism 
perishes.  There  are  many  vegetable  substances,  however,  upon  which 
the  poison  may  be  for  long  retained  unimpaired  if  in  a  moist  state,  and 
there  are  some  on  which  it  actually  flourishes.  It  fails  to  propagate 
itself  in  an  atmosphere  of  carbonic  acid,  but  this  gas  does  not  destroy  it 

Poison  secreted  by  it. — As  before  mentioned,  it  is  not  found 
in  any  part  of  the  body  unless  the  wall  of  the  alimentary  canal, 
sometimes,  in  the  most  severe  cases,  not  even  here,  but  only  in  the 
contents.  The  cramps,  depression  of  the  heart,  and  other  phenomena 
so  characteristic  of  the  malady  cannot  therefore  be  explained  by  the 
presence  of  the  organism  itself,  but  must  be  caused  by  the  deleterious 
influence  of  a  poison  secreted  by  it.  Old  cultures  of  the  cholera 
spirillum  in  gelatine  and  on  other  bases  contain  a  poison  which 
induces  in* animals  paralysis  of  the  extremities  and  heart,  with  cramps 
of  various  muscles  throughout  the  body,  such  as  those  of  respiration, 
the  pupillary  muscles,  and  those  of  the  extremities.  It  is  possible 
also,  as  suggested  by  Wood,  that  when  the  microbe  is  grown  with 
insufficient  oxygen,  as  under  natural  circumstances,  this  poison  is 
secreted  in  greater  quantity  that  when  oxygen  is  freely  supplied  to  it. 

Early  Recognition  of  the  Organism. 

To  discriminate  between  this  spirillum  and  others  which  are  found  in 
the  human  body,  some  of  them  in  the  same  site  as  that  under  considera- 
tion, is  not  always  an  easy  matter.  Among  those  most  likely  to  be 
mistaken  for  the  organism  of  true  Asiatic  cholera,  a  spirillum  dis- 
covered by  Miller  and  Lewis  in  the  mouth  of  healthy  persons,  that 
isolated  by  Finkler  and  Prior  from  the  dejecta  of  ordinary  cholera 
nostras,  a  spirillum  discovered  by  Deneke  in  old  cheese,  WeibePs 
spirillum  inhabiting  the  nasal  mucous  membrane,  Escherich's  comma 
and  spirillar  forms  found  in  the  dejecta  of  infants  suffering  from 
summer  diarrhoea.  Van  Ermengem*s  comma  and  spirillar  organisms 
found  in  the  intestine  of  the  guinea-pig,  and  the  spirillum  isolated  by 
Gamal^ja  from  the  intestine  of  the  fowl  in  a  form  of  dysentery  from 
which  fowls  suffer  in  Odessa — known  as  Metchnikoff^s  spirillum — ^may 
be  mentioned.  Any  one  of  these  is  likely  to  be  confounded  with  the 
spirillum  of  Asiatic  cholera  unless  due  precautions  are  observed. 
The  three  which  most  resemble  each  other  in  their  morphology  and 
manner  of  growth  are  —  (1)  The  spirillum  of  Asiatic  cholera;  (2) 
that  of  Finkler-Prior ;  and  (3)  that  of  Deneke.  Metchnikoff's  spirillum 
has  also  a  certain  resemblance,  but  can  be  distinguished  readily  by  its 
manner  of  growth.  One  of  the  chief  diagnostic  points  lies  in  the 
appearance  of  cultures  upon  gelatine  medium. 
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The  two  organisms  between  which  it  is  generally  necessary  to  dis- 
tinguish in  a  suspected  case  of  Cholera  Asiatica  are  Koch's  comma 
bacillus  and  the  Finkler-Prior  organism  found  in  the  dejecta  of  so- 
called  cholera  nostras.  With  a  little  experience  there  is  not  much 
difficulty  in  diagnosing  them : — 

Thus,  when  sown  at  a  summer  temperature  on  a  gelatine  plate  it 
will  be  found  that  the  colonies  of  the  Finkler-Prior  are  larger  than  those 
of  true  cholera,  their  border  is  more  regularly  rounded,  and  they  have 
a  yellowish-brown  colour.  Both  liquefy  gelatine,  but  one  of  the  most 
characteristic  differential  features  is  the  period  at  which  the  liquefaction  of 
the  gelatine  takes  place.  By  the  end  of  forty-eight  hours  liquefaction  is 
advanced  in  the  case  of  the  Finkler-Prior ;  whereas  in  the  case  of  Koch's 
organism  it  may  be  hardly  perceptible  on  the  third  or  fourth  day. 

In  a  puncture  culture  the  appearances  at  first  are  very  much  alike 
(see  Figs.  492,  493).  In  both,  the  growth  develops  a  bell-like  area  of 
liquefaction  at  its  upper  extremity.  Soon,  however,  this  bell-like  appear- 
ance of  the  liquefied  part  stretches  outwards  much  more  rapidly  in  the 
case  of  the  Finkler-Prior  than  in  that  of  Koch's  organism.  By  the  third 
or  fourth  day,  accordingly,  while  the  bell-like  appearance  in  the  case  of 
cholera  may  be  still  recognisable,  in  that  of  the  Finkler-Prior  the 
liquefaction  has  extended  outwards  and  along  the  line  of  the  inoculat- 
ing needle  to  such  an  extent  that  it  gives  rise  to  a  funnel-like  space 
in  the  centre  of  the  gelatine,  tilled  with  the  liquefied  medium.  A 
little  vacuole  is  often  seen  at  the  upper  limit  of  the  tract  in  the  case 
of  the  cholera  organism.  It  looks  like  a  gas-globule.  Too  much 
reliance  should  not  be  placed  on  this  as  a  point  of  differentiation. 

Microscopically,  it  is  difficult  or  practically  impossible  to  distinguish 
the  one  from  the  other. 

Deneke's  organism  also  liquefies  the  gelatine  much  more  rapidly 
than  Koch's. 

Additional  Points  of  Diagnosis. — There  are  several  other  con- 
firmatory diagnostic  features  : — (1)  Thus,  when  the  organism  of  Asiatic 
cholera  is  grown  on  potato  at  a  temperature  of  24°  C.  it  throws  out 
a  brown  pigment  very  much  like  that  of  the  bacillus  of  glanders.  The 
Finkler-Prior  organism,  on  the  other  hand,  becomes  only  slightly 
grayish -yellow  on  the  surface.  (2)  The  cholera  organism  grows  on 
fresh  sterilised  milk  readily  and  without  ciu-dling  it;  whereas  the 
Finkler-Prior  and  Deneke  parasites  first  curdle  it  and  subsequently 
peptonise  it.  Deneke's,  further,  throws  out  a  yellowish  pigment  on 
the  surface  which  the  others  never  show.  (3)  As  discovered  simul- 
taneously by  Poehl,  Bugwid,  Dunham,  and  Brieger,  old  liquefied  pep- 
tone gelatine  cultures  of  the  cholera  spirillum  give  a  pink  to  a  red 
colour  on  addition  to  the  liquid  of  a  mineral  acid.  Many  other 
liquefied  gelatine  cultures  give  the  same,  but  in  the  case  of  the 
cholera  organism  it  appears  more  rapidly  and  is  more  evident  than  in 
any  of  the  others.  This  test  is  much  relied  upon  by  Koch  (No.  366, 
xiv.  1893,  p.  159).     It  is  not  conclusive,  but  is  a  useful  adjunct  to 
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the  test  repertory ;  it  is  an  indol  reaction.  (4)  Another  test  said  to  be 
of  great  value  was  devised  by  Cahen.  A  flask  containing  sterilised 
bouillon  coloured  with  litmus  is  inoculated  with  Koch's  spirillum  and 
retained  at  a  temperature  of  37°  C.  In  twenty-four  hours  the  litmus, 
by  reduction,  becomes  decolorised.  The  Finkler-Prior  and  Deneke 
organisms  decolorise  at  a  temperature  of  27°  C.  (5)  The  cholera 
organism  does  not  induce  putrefaction.  The  odour  given  off  from  a 
culture  of  it  is  peculiar  and  in  a  manner  characteristic. 

Question  of  Koch's  Organism  being  the  Specific  Agent — 
With  these  various  measures  to  hand,  there  is  not  found  to  be  much 
practical  difficulty  in  distinguishing  Koch's  organism  from  all  others. 
It  should  be  remembered,  however,  that  occasionally  the  difficulty  is 
supreme,  and  that  the  most  practised  bacteriologists  have  been  deceived. 
No  one  test  should  ever  be  relied  upon.  That  being  so,  there  comes 
the  question  of  whether  it  is  the  actual  cause  of  Asiatic  cholera.  And, 
as  yet,  the  evidence  on  the  subject  may  be  said  to  be  somewhat  faulty 
from  the  fact  that  there  is  no  animal  which  will  take  human  cholera. 
Had  it  been  otherwise,  it  is  likely  that  the  fauna  of  the  Sunderbunds 
would  have  become  extinct  long  ere  this.  All  attempts  to  inoculate 
animals  up  till  recently  might  have  been  reckoned  as  almost  complete 
failures.  Of  late  Gramal^ja,  after  intensifying  the  poison  by  passing  it 
through  the  systems  of  different  genera  of  animals,  vouches  to  having 
succeeded  in  growing  Koch's  comma  bacillus  upon  the  blood  of  the 
pigeon,  guinea-pig,  and  dog. 

But  with  it  all  one  may  well  pause  before  concluding  that  true 
Asiatic  cholera,  alike  with  the  disease  in  Man,  has  been  thus  or  by 
any  other  expedient  artificially  conveyed  to  any  of  the  brute  creation. 
There  seems  to  be  something  very  peculiar  about  the  conditions  under 
which  it  will  take  hold  upon  even  the  human  frame.  Artificial  growths 
have  been  swallowed  by  Klein  and  others,  and  minute  portions  of  the 
actual  dejecta,  made  into  pills,  by  Bochefontaine,  without  any  harmful 
result.  Nay,  Ferran's  preventative  remedy  for  the  disease  consisted  in 
injecting  a  pure  culture  of  the  organism  subcutaneously  into  the 
cellular  tissue  and  muscles  of  healthy  individuals  likely  to  fall  victims 
to  it  There  appears  to  be  only  one  case  on  record  where  it  seems  to 
have  been  contracted  from  an  artificial  culture — in  a  medical  man 
attending  Koch's  cholera  course  in  Berlin.  From  the  fact,  however, 
that  Koch's  organism  is  found  in  cholera  alone,  and  seeing  that  it 
appears  when  Asiatic  cholera  appears,  increases  with  its  progress  and 
severity,  and  vanishes  as  recovery  sets  in,  most  authorities  both  in  this 
country  and  abroad  have  come  irresistibly  to  the  conclusion  that  in 
this  microbe  discovered  by  Koch  we  have  the  true  soiurce  of  the  evil 

State  of  the  Intestine  and  Dejecta, 

There  is  usually  more  or  less  congestion  of  the  mucous  membrane 
of  the  small  intestine.     It  has  a  rosy  red  colour  and  the  lymph-follicles 
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may  be  enlarged  and  project  from  the  surface.  The  rice  water  stoola 
contain  a  little  epithelium,  but  only  exceptionally.  The  flaky  precipitate 
is  caused  chiefly  by  mucus  (KUhne,  Bruberger,  Hirschberg,  Cohnheim 
— see  No.  31,  ii  p.  127).  The  epithelium,  however,  desquamates 
copiously  after  death,  as  a  result  of  maceration.  Within  the  flakes  of 
mucus  are  numbers  of  colourless  cells  and  multitudes  of  bacteria,  the 
comma  bacillus  being  in  abundance.  The  vomit  is  said  to  present  the 
same  character  as  the  dejecta,  only  it  is  thinner  from  admixture  of 
water  taken  into  the  stomach.  The  specific  gravity  of  the  rice  water 
stools  comes  up  to  1006-1013.  The  reaction  both  of  the  vomit  and 
alvine  evacuations  is  neutral  or  alkaline.  The  inorganic  constituents 
are  more  abundant  than  the  organic  and  there  is  a  preponderance  of 
sodic  chloride.  Urea  is  constantly  present  or  its  derivative  ammonium 
carbonate ;  while  albumin  is  found  only  in  proportion  so  small  that 
boiling  and  nitric  acid  occasion  a  mere  opalescence.  Kiihne  described 
a  saccharifying  ferment  in  the  dejecta  (Cohnheim,  No.  31,  ii.  p.  124). 

Means  by  which  the  Disease  is  spread. 

How  does  the  organism  invade  the  human  body  1  On  this  subject 
we  have  acquired  much  insight  of  late ;  and  of  all  the  means  by  which 
contagion  is  eff'ected,  apparently  the  use  of  contaminated  drinking 
water  is  the  one  which  is  most  to  be  dreaded.  The  superstition  and 
mystery  associated  popularly  in  former  times  with  its  manner  of  pro- 
pagation have  now  been  abandoned.  Cholera  is  essentially  a  dirt 
disease,  and  if  we  keep  ourselves  clean — in  the  sanitary  sense — ^the 
likelihood  of  catching  cholera  is  of  the  slightest.  As  Hart  remarks 
(No.  6,  1892,  ii.  p.  562) : — We  may  lay  aside  all  pedantry  and 
mystery — we  may  talk,  if  we  choose,  of  "epidemic  constitution," 
"pandemic  waves,"  "telluric  influences,"  "cholera  blasts,"  "blue 
mists,"  and  the  like  terms  of  art  with  which  an  amiable  class  of 
meteorologists  has  delighted  to  cloak  ignorance.  Asiatic  cholera 
is  a  filth  disease,  which  is  carried  by  dirty  people  to  dirty  places ; 
it  only  develops  where  it  finds  dirly  places  in  the  sanitary  sense,  and 
dirty  habits  of  drinking  polluted  water  and  living  on  a  polluted  soil. 

We  eat  cholera  and  we  drink  cholera,  and  we  catch  the  disease 
in  this  way,  but  apparently  there  is  little,  if  any,  basis  for  the  belief 
that  we  catch  it  by  infection,  as  in  the  case  of  measles  or  typhus 
fever.  Even  with  all  the  exposure  incumbent  upon  them,  nurses, 
physicians,  and  attendants  in  cholera  hospitals  do  not  contract  the 
disease  in  greater  proportion  than  other  members  of  a  community.  It 
is  difiicult  to  point  to  a  single  case  in  which  the  disease  has  been 
directly  and  indisputably  communicated  to  an  attendant  where  ordinary 
precautions  are  observed.  When  it  breaks  out  on  board  a  ship,  the 
mortality  from  it  is  very  great ;  and  here  the  explanation  is,  as  in 
other  cases,  to  be  found  in  polluted  drinking  water,  not  so  much  in 
direct  conveyance  of  the  disease  from  one  person  to  another.     Cholera 
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is  carried  on  the  persons  of  individuals  along  lines  of  human  intercourse, 
and  is  spread  chiefly  by  the  water  supply  becoming  contaminated 
through  the  careless  habits  of  those  affected.  The  organism  grows 
readily  upon  impure  drinking  water,  and  may  live  in  it  for  months. 
Being  so  very  minute,  it  readily  disseminates  itself,  and  finds  entrance 
in  the  most  insidious  manner  to  cisterns  and  other  receptacles  of  storage 
water. 

Typhlitis  and  Perityphutis  (tv<^Aos,  ccecus,  and  itis), 

870.  By  iypUUis  is  understood  an  inflammation,  usually  catarrhal, 
of  the  caput  caecum.  There  is  one  special  variety  of  catarrhal 
inflammation  caused  by  the  accumulation  of  a  mass  of  hardened  fseces 
in  the  caput  caecum,  and  to  this  the  name  is  more  particularly  applied. 
The  accretion  becomes  sometimes  so  great  that  atony  of  the  coats  of 
the  intestine  results  with  consequent  failure  to  dislodge  the  mass. 
The  mucous  membrane  consequently  becomes  inflamed  and  catarrhal. 
If  the  faecal  matter  is  not  duly  removed  ulceration  of  the  mucosa 
may  result,  a  condition  which  if  it  spread  to  the  muscularis  is  likely  to 
bring  about  perforation. 

Without  there  being  actual  perforation,  the  state  of  the  bowel  may 
set  up  a  suppurative  inflammation  in  the  surrounding  cellular  tissue, 
ending  in  the  formation  of  an  abscess.  This  condition  is  known  as 
perityphlitis.  The  abscess  may  point  subsequently  in  the  iliac  fossoy 
or  may  open  simultaneously  here  and  into  the  c(ecum, 

Masses  of  faecal  matter  or  foreign  bodies  may  similarly  lodge  in 
the  vermiform  appendix  and  set  up  a  like  condition  in  and  around 
it.  The  appendix  usually  becomes  adherent  to  the  peritoneum,  and 
hence  a  fatal  perforation  may  be  avoided. 

Waxy  Disease. 

871.  In  all  cases  of  general  waxy  disease  the  intestine  will  be 
found  to  have  participated.  The  ileum  is  the  part  which  sufi*ers 
most,  but,  practically  speaking,  any  part  may  show  a  brown  reaction 
with  iodine.     The  rectum  is  least  often  affected. 

To  the  naked  eye  the  intestine  presents  nothing  peculiar  when 
unstained,  but,  when  iodine  is  applied,  the  mucosa  assumes  a  dark 
brown  colour.  The  villi  are  the  chief  seat  of  deposit,  and  these 
stand  up  from  the  surface  as  little  brotm  projections  readily  visible 
with  unaided  vision  or  by  means  of  a  pocket  lens.  In  the  large 
intestine  the  stain  is  more  difi'use. 

Examined  micToscx>picallyy  the  masses  of  amyloid  are  found  in  the 
interspaces  round  the  blood-vessels  of  the  villi.  The  vessels,  as  in 
other  localities,  are  compressed  consequently,  and  the  circulation 
through  them  interrupted. 

Both  in  this  and  in  tubercular  disease  of  the  intestine  or  of  the 
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mesenteric  glands,  the  absorption  of  fat  suffers  more  than  that  of  any 
other  constituent,  and  the  faecal  excreta  have  the  characters  of  the 
fatty  stool  (Fr.  Mueller,  No.  49,  1887,  ii.  p.  277). 

Method  of  Demonstration. — Inject  the  blood-vessels  with 
Richardson's  blue ;  stain  with  gentian-violet. 

Venereal  Affections  of  the  Intestine. 

872.  In  persons  lending  themselves  to  unnatural  sexual  inter- 
course, chancres,  hard  or  soft,  frequently  show  themselves  upon  the 
mucosa  of  the  rectum  or  at  the  anus.  In  congenital  syphilis,  how- 
ever, truly  tertiary  deposits  are  found  at  different  parts.  In  most 
instances  these  take  the  form  of  a  chronic  fibrous  condition  located  in 
patches,  but  in  other  cases  condylomatous  masses  or  gummatous  nodules 
may  be  found  or  an  eruption  of  miliary  nodules. 

Wasting  of  Intestine. 

873.  Blaschko  (No.  13,  xciv.  1883,  p.  136)  describes  two  cases 
of  atrophy  of  the  intestine  in  which  he  found  the  ganglia  and  fibres 
of  Meissner's  and  Auerbach's  plexuses  and  their  connections  in  a 
state  of  fatty  degeneration. 

Tumours  of  Intestine. 

874.  Poljrpi  are  of  frequent  occurrence  in  the  rectum  and  large 
intestine  generally.  They  frequently  become  detached  and  are  passed 
per  anum.  They  vary  in  size  from  a  pea  up  to  that  of  a  walnut 
or  large  orange.  Whitehead  (No.  6,  1884,  i.  p.  410)  records  a  most 
remarkable  case  where  an  enormous  multiple  pedunculated  growth 
was  attached  to  the  lower  part  of  the  rectum.  On  introducing  the 
arm  into  the  colon  similar  pedunculated  growths  could  be  felt,  but  of 
smaller  size. 

They  are  usually  of  fleshy  consistence,  and,  on  microscopic  exami- 
nation, are  seen  to  be  made  up  of  a  young  fibrous  tissue  containing 
many  fibro-blasts  and  numerous  intestinal  glands,  which  are  often  in 
a  state  of  distension  and  filled  with  mucus.  Some  of  them  appear  to 
be  true  adenomata.  The  tumour  just  referred  to  was  probably  of 
this  nature. 

Myomata  are  sometimes  found  in  great  abundance  and  growing 
from  the  muscularis. 

Cancer  frequently  takes  its  origin  from  the  mucosa.  Its  locality 
is  more  at  the  lower  end  of  the  large  bowel  than  elsewhere,  the 
rectum  being  perhaps  the  commonest  site,  the  sigmoid  flexure  next  in 
order. 

Cylinder-celled  cancer  has  been  described  occasionally  both  in  the 
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stomach  and  rectum.  Laveran  (No.  4,  iii.  1876,  p.  300)  mentions 
the  condition  as  one  in  which  the  cylindrical  epithelium  is  arranged 
in  gland-like  circles  enclosed  in  lacunae  of  fibrous  tissue.  The  tumour 
might  have  been  mistaken  for  a  polypus  had  a  neighbouring  lymph- 
gland  not  shown  a  deposit  of  the  same  type.  In  some  parts  it  was 
like  an  ailemnui,  in  others  it  presented  the  heterologous  characters  of 
a  true  cancer.  Other  secondary  tumours  were  found  in  the  great 
epiploon.     The  tumoui*  was  firmly  fixed  to  the  intestinal  wall. 

Sarcoma  of  the  intestine  is  rare.  When  present  it  generally 
takes  the  form  of  a  poly^id  mass. 

Gas  Cysts. 

875.  Gas  cysts  are  met  with  occasionally  in  the  vagina.  They 
also  occur  very  rarely  in  the  intestine. 

In  a  case  which  lately  came  under  the  notice  of  the  author  they 
presented  the  appearance  of  an  eruption-like  crop  of  rounded  tumours, 
each  about  the  size  of  a  large  pea  and  lying  within  the  mucosa  of  the 
ileum.  So  sharply  isolated  and  hard  were  they  that  at  first  they 
were  supposed  to  be  myomata.  On  cutting  into  them,  however,  they 
were  found  to  be  hollow.  They  were  lined  with  a  smooth  and  well- 
defined  membrane  and  their  contents  were  completely  aeriform.  The 
wall  was  thick,  almost  like  that  of  a  hydatid  cyst. 

For  manner  of  formation  see  account  given  under  Diseases  of 
Female  Organs  of  Generation,  p.  420. 

Enteroliths. 

876.  It  is  rarely  that  concretions  are  found  in  the  stomach.  As 
a  rule  they  lie  in  some  part  of  the  small  intestine. 

Kooyker,  however  (No.  49,  1887,  ii.  p.  269),  described  some  time 
since  a  concretion-like  mass  in  the  stomach  of  a  man.  It  weighed 
885  grm.,  was  18  cm.  long  and  8  cm.  thick ;  there  were  other  two  of 
smaller  size.  It  left  a  dimple  when  compressed  with  the  finger ;  it 
did  not  possess  a  nucleus ;  and  had  a  faecal  odour.  The  tumour  was 
composed  largely  of  vegetable  matter,  and  had  simulated  a  cancer 
during  life. 

Those  in  the  intestine  are  frequently  taken  for  cancci'oxis  tumours. 
They  lie  quite  loose  in  the  intestine,  but  do  not  seem  to  be  passed 
onwards.  It  is  possible  that  they  induce  an  atony  of  the  muscular 
coat  at  the  point  where  they  are  retained. 

They  are  made  up  largely  of  vegetable  refiise  and  fvecal-  matter 
bound  into  a  mass  by  lime  salts.  A  form  common  in  Scotland  in 
bygone  times,  and  sometimes  met  with  even  yet,  is  the  oat-husk 
concretion. 

It  is  very  light  Others  are  much  more  compact,  and  in  their 
concentric  stratification  resemble  the  calculi  found  in  the  bladder. 


CHAP.  Lxxv  ENTEROLITHS  557 

They  may   possess   a   nucleus,    consisting  of  a   particle  of   foreign 
matter  of  some  kind  accidentally  admitted  into  the  intestine. 

In  the  horse  and  cow  intestinal  concretions  are  very  common 
and  reach  a  great  size.  They  often  consist  of  hair  bound  together  as 
before  described.  Porous  foreign  bodies  swallowed  by  the  cow,  such 
as  woollen  articles  of  clothing,  etc.,  may  become  petrified  by  being 
impregnated  with  lime  salts  and  in  course  of  time  prove  a  cause  of 
obstruction. 

Intestinal  Actino-mycosis  and  Anthrax.     (See  Bacteriology,) 
Intestinal  Animal  Parasites.     (See  Animal  Parasites.) 

Literature  an  Diarrhoea  and  Ih/sentery, — Abblart  (Parasitical  Dysentery) :  Arch. 
de  med.  nav.,  xl.  1883,  p.  460.  Bagiaaky  (Path,  and  Therap.  of  Summer 
Diarrhoea) :  Con^.  period,  intemat.  d.  sc.  m^d.  compt.  rend.,  1884,  Copenh.,  1886, 
iii.  sect,  de  pediat.,  p.  40.  Basch :  Arch.  f.  path.  Anat.,  xlv.  1869,  p.  204. 
Bigelow  (Smnmer  D.  of  Adults) :  Med.  and  Surg.  Rep.,  PhiU.,  xlii.  1880,  p.  378.  . 
Bird :  Tt.  M.  and  Phys.  Soc,  Bombay,  iii.  1840,  p.  90.  Booker  (In  Infantile 
Diarrhoea) :  Tr.  Intemat.  M.  Cong.,  ix.  Wash.,  iii.  1887,  p.  598.  Burkart  (Hwm. 
Infarct,  in) :  Berl.  klin.  Wochnschr.,  ix.  1872,  p.  311.  Du  Cazal :  Diarrhee,  Diet. 
cncycl.  d.  sc.  m^.,  xxix.  1884,  p.  123.  Chuckerbutty :  Cases  illustrating  the 
Pathology  of  Dysentery,  1866.  Comil :  Arch.  d.  physiol.  norm,  et  path.,  v.  1873, 
p.  811 ;  also.  Bull.  Acad,  de  m^d.,  xix.  1888,  p.  622.  Delafield  :  Med.  Gaz.,  N.  Y., 
vii.  1880,  p.  257.  D.  and  Dysentery:  Reps.  San.  Comm.,  Bombay,  for  1871  to 
1877  ;  also,  Reps.  San.  Comm.,  Central  Provinces,  for  1869  to  1875  ;  also,  Reps.  San. 
Comm.,  India,  for  1868  to  1877  ;  also,  Rep.  San.  Comm.,  N.  W.  Provinces,  for  1871  to 
1878.  Edis  (Imperfect  Mastication  as  Cause) :  Practitioner,  1876,  p.  291.  Engli^ 
(Cholera  Infantimi) :  N.  Y.  Med.  Rec,  xxxiv.  1888,  p.  165.  Fayrer  (Dysentery 
and  Liver  Abscess) :  Lancet,  1883,  i.  p.  855 ;  also,  Brit.  Med.  Joum.,  1884,  i.  p. 
1031.  Holt  (Mic.  Exam.  Intestine  in  Simimer  Diarrhoea  of  Infants) :  Med.  News, 
Phila.,  Iii.  1888,  p.  644  ;  also  (Bacteria  and  Diarrhoial  Diseases  of  Infancy),  N.  Y. 
Med.  Joum.,  xlix.  1889,  p.  405.  Kartulis  (Egyptian  Dysentery) :  Arch.  f.  path. 
Anat.,  cv.  1886,  p.  521.  Kelsch :  Compt.  rend.  soc.  de  biol.,  v.  1875,  p.  3  ;  also, 
Arch,  de  physiol.,  v.  1873,  pp.  406,  578.  Ki^ner  and  Kelsch  (Dysentery):  Arch. 
de  physioL  norm,  et  path.,  iii.  1884,  p.  186.  Lesag^e  (Bacillus  of  Diarrhoea  of 
Children) :  Arch,  de  physiol.  norm,  et  path.,  1888,  i.  p.  212.  Leslie  (Path.  Anat. 
of  forty-seven  Cases) :  Tr.  M.  and  Phys.  Soc,  Calcutta,  vi.  1833,  p.  64.  Little : 
Tr.  Roy.  Acad.  Med.,  Ireland,  vi.  1888,  p.  312.  Longstafif:  Brit.  Med.  Joum., 
1880,  L  p.  519;  also,  San.  Rec,  1880-81,  ii.  p.  291.  Norman:  Tr.  Roy.  Acad. 
Med.,  Ireland,  vi.  1888,  p.  333.  Pag^et  (Intestine  in  Acute  Diarrhoea) :  Trans. 
Path.  Soc.  Lond.,  xxxvi.  1884,  p.  208.  Potter  (Summer  Diarrhoea):  N.  Y.  Mod. 
Rec,  xxxii.  1887,  p.  45.  Prior  (Micrococci  of  Dysentery) :  Centralbl.  f.  klin.  Med., 
iv.  1883,  p.  273.  Sarrazin :  De  la  dysenteiie  des  pays  chauds  dans  ses  rapports 
avec  les  maladies  du  foie,  1883.  Seitiert  (Cholera  Infantum) :  N.  Y.  Med.  Kec, 
xxxiv.  1888,  p.  153.  Sexton  (Cholera  Infantum) :  Med.  Reg.,  Phila.,  iii.  1888,  p. 
458.  Stein :  Med.  Monatschr.,  N.  Y.,  1889,  i.  p.  123.  Tomkins  (Bacteriology  of 
Summer  Diarrhoea) :  Lancet,  1887,  \L  p.  361 ;  also  (Sununer  Diarrhoea),  Brit.  Med. 
Joum.,  1889,  ii  p.  180.  Vacher  (Diarrhoea  of  Children) :  Brit.  Med.  Journ., 
1885,  ii  p.  439.  Virchow:  Arch.  f.  path.  Anat.,  Hi.  1871,  p.  1.  Woodward: 
Diarrhoea  and  Bacteria,  1878. 

LiteroUure  on  Croupous  Enteritis.  —  Bamberger  (Gastro  -  Enteritis  through 
Ptomaines) :  Wien.  klin.  Wochnschr.,  1888,  i.  p.  673.  Carter  (Croupous  Enteritis) : 
Trans.  M.  and  Phys.  Soc,  Bombay,  ix.  1887,  p.  28.  Field:  Membranous  enteritis, 
1887.  Findley:  Am.  J.  Med.  Sc,  cxxxvii  1875,  p.  103.  Fish:  Med.  and  Surg. 
Rep.,  Phila.,  xlii  1880,  p.  417.  Goodhart  (Intestmal  Casts):  Trans.  Path.  Soc 
Lond.,  xxiii.  1872,  p.  98.  Kartulis  (Giant-amcebae  in  Egyptian  Enteritis) :  Arch. 
f.  path.  Anat.,  xcix.  1885,  p.  145.  Nesemann  (Haemorrhagic  Diphtheria  of  In- 
testine):  Arch.  f.  path.  Anat.,  xxxv.  1866,  p.  607.  Kajewsky  (Intestinal 
Diphtheria) :  CentralbL  f.  d.  med.  Wissensch.,  xiii  1875,  p.  691.      Schwarck : 
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Ueb.  Croup  u.  Diphtberitis  d.  Darmkanals,  1880.  Siebenmann  (Diplococcus  in 
Mucus-like  Zoogloea  Masses  in  Catarrh  of  Large  Intestine) :  Cor.-Bl.  f.  schweiz 
Aerzte,  xv.  1885,  p.  366.     Weissenfels :  Ueb.  Diphtherie  d.  Darms,  1868. 

Literature  on  Asiatic  Cholera. — Babes  :  Arch.  f.  path.  Anat.,  xcix.  1885,  p.  148. 
Bellew :  History  of  the  Cholera  in  India,  1884.  Bitter  :  Arch.  f.  Hygiene,  v.  p.  241. 
Cheyne  (Report  on) :  Brit.  Med.  Joum.,  1885,  i.  p.  821  et  seq,  Cuniiineham : 
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cviL  1888,  p.  432  ;  also  (MetchnikoflTs  Spirillum),  Ann.  de  1  Inst.  Pasteur,  ii.  1888, 
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Berl.,  1891,  ii.  3  Ab.  p.  33.  ▼.  Hovorka  and  Winkler  (New  Means  of  distinguish- 
ing Koch's  Organism  from  that  of  Finkler  and  Prior) :  Mitth.  a.  d.  embryol.  Inst.  d. 
k.  k.  Univ.  Wien.,  1890,  p.  10.  IGebs  :  Ueb.  Cholera  Asiatica,  1885.  Klein  and 
Gibbes  :  Trans,  of  Committee  of  Secretary  of  State  for  India  in  Council  (Blue  Book, 
1885);  rtZso,  The  Bacteria  in  Asiatic  Cholera,  1889.  Koch:  Various  works;  see 
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Brit.  Med.  Joum.,  1884,  ii.  p.  403.  Koch  and  Gafiky :  Bericht  ii.  d.  Thatigkeit, 
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1886,  ii.  p.  29 ;  o^o,  Zum  gegenwartigen  Stand  d.  Cholerafrage,  1887.  PfeiiBFer 
(Relationship  of  Metchnikotfs  Vibrio  and  that  of  Asiatic  Cholera) :  Ztschr.  f. 
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Arb.  a.  d.  kaiserlichen  Gesundheitsamte,  Berlin,  vi.  1890,  p.  197.  Still^ :  Cholera, 
Origin,  History,  and  Prevention,  1885.  Wood :  Rep.  Lao.  Roy.  CoU.  Physicians, 
Edin.,  ii.  1890,  p.  276. 

Literature  on  Tumours  of  Intestine. — Boettcher  (Intestinal  Myomata) :  Arch.  f. 
path.  Anat.,  civ.  1886,  p.  1.  Holtkamjp :  Ueb.  d.  Polypen  d.  Mastdarms,  1886. 
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CHAPTER   LXXVI 

THE  PANCREAS 
Functional  Diseases. 

877.  Some  of  the  functional  diseases  of  the  pancreas  have 
already  been  considered  along  with  the  disorders  of  digestion.  It 
remains  further  to  refer  to  the  comparatively  newly  discovered 
disease,  namely, 

Pancreatic  Diabetes. 

878.  Diabetes  mellitus  sometimes  accompanies  disease  of  the 
pancreas ;  it  invariably  follows  its  excision  in  the  lower  animals. 
Among  the  diseased  conditions  which  call  it  forth  may  be  mentioned 
abscess,  cancer,  calculous  obstruction  of  the  ducts,  and  wasting  of  the 
gland  from  various  causes. 

Mere  ligature  of  the  duct  of  the  gland  in  an  animal  does  not 
excite  it,  but  ligature  of  all  the  pancreatic  vessels  does. 

It  has  been  supposed  that  the  cause  of  the  diabetes  after  excision 
of  the  pancreas  is  the  injury  to  the  hepatic  nerves  incidental  to  the 
operation.  This  idea,  however,  has  of  late  fallen  into  disfavour. 
The  view  that  recommends  itself  to  those  who  have  worked  at  the 
matter  experimentally  is  that  the  pancreas  secretes  a  glycolytic 
ferment  (Lupine  and  Barral — see  various  papers,  No.  40,  1890-1891) 
which  is  absorbed  by  the  Ijrmphatics  of  the  organ,  and  thus  finds 
entrance  into  the  blood-stream.  When  this  is  absent  part  at  least  of 
the  sugar  within  the  blood  fails  to  be  split  up  and  is  consequently 
shed  in  the  urine.  As  bearing  this  out  Minkowski  (No.  43,  xxix. 
1892,  pp.  90,  639)  found  that  by  inserting  a  piece  of  the  excised 
pancreas  under  the  skin  of  the  abdomen  after  removal  of  the  entire 
pancreas,  the  development  of  diabetes  was  retarded. 
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ORGANIC  DISEASES. 
Diseases  of  the  Ducts. 

879.  Ranula  Pancreatica.  —  The  pancreatic  duct  sometimes 
becomes  obstructed  either  from  a  tumour  of  the  duodenum  or  neighbour- 
hood or  from  the  impaction  of  calculi.  Like  the  parotid  duct  under 
these  circumstances,  it  becomes  distended. 

The  calculi  found  occluding  the  duct  are  comparable  to  those 
found  in  the  salivary  ducts,  and  are  composed  mainly  of  carbonate  of 
lime.     They  are  sometimes  over  an  inch  in  length. 

The  CjTSts  which  form  in  the  pancreas  are  developed  out  of  the 
main  duct  or  from  its  finer  tributaries  in  the  substance  of  the  gland. 

The  effect  upon  the  gland  tissue  of  closure  of  the  duct  has 
been  studied  experimentally  by  Arnozan  and  Vaillard  (No.  4,  iii. 
1884,  p.  287).  They  came  to  the  conclusion  that  ligature  of  the 
canal  of  Wirsung  (main  duct)  determines  the  setting  up  of  general 
dilatation  of  the  ducts,  destruction  of  the  gland  substance,  and  an 
excessive  formation  of  interacinous  cicatricial  substance.  What  seems 
to  happen  is  in  all  respects  alike  with  that  which  follows  in  the  liver 
when  the  bile  duct  is  the  seat  of  ligature. 

The  general  result  of  observations  (CJohnheim,  Mueller,  etc.)  made 
on  the  functional  effects  of  occlusion  of  the  pancreatic  duct  seems  to 
favoiu-  the  view  that  in  animals  it  causes  very  little  disturbance.  The 
absorption  of  starchy  matter  from  the  intestinal  contents  does  not 
appear  to  suffer ;  that  of  meat  seems  to  be  somewhat  reduced ;  but  a 
higher  percentage  of  fatty  matters  in  the  stools  cannot  be  made  out. 
According  to  Mueller  (No.  49,  1887,  ii.  p.  277),  it  is  doubtful 
whether  steatorrhcea  is  an  accompaniment  of  pure  obstructive  disease 
of  the  pancreas.  The  intestinal  secretion  seems  to  take  on  vicariously 
the  abolished  functions  of  the  gland. 

Inflammatory  Affections. 

880.  The  pancreas  is  very  rarely  a  seat  of  inflammation;  but 
inflammatory  affections  of  its  substance  are  not  entirely  unknown. 
Where  acute  inflammation  has  been  found  affecting  the  substance  of 
the  gland,  local  haemorrhage  has  been  a  notable  and  peculiar  feature 
associated  with  it  In  some  cases  it  goes  on  to  suppuration  and 
abscess.  The  abscesses  are  mostly  small,  about  the  size  of  a  pea, 
and  multiple.     The  suppuration  appears  to  be  septic  in  most  cases. 

A  cirrhosis  of  the  pancreas  has  occasionally  been  noticed. 

Fat  Necrosis. 

881.  Ponfick  (No.  13,  Ivi.  1872,  p.  541)  described  a  lesion  by  this 
name  which  he  found  in  the  bone-medulla  of  the  large  hollow  bones 
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of  an  emaciated  and  dropsical  young  woman  who  died  from  empyema 
and  wax-like  disease.  Within  the  medulla  were  numerous  almost 
colourless  masses,  which  from  their  size  and  configuration  might  have 
been  mistaken  for  tubercles.  They  proved,  on  microscopic  examina- 
tion, to  be  portions  of  marrow  which  had  undergone  fatty  degeneration, 
the  resulting  piece  of  tissue  being  filled  with  compound  granular 
corpuscles. 

Similar  localised  necroses  are  met  with  in  the  abdominal  fat  not 
very  uncommonly,  and  the  fat  which  is  bound  up  with  the  pancreas 
sometimes  becomes  the  seat  of  them.  They  are  scattered  widely 
through  its  substance,  and,  according  to  Balzer  (No.  13,  xc.  1882,  p. 
520),  may  cause  death  from  haemorrhage.  Their  pathology  seems 
to  be  quite  unexplained.  (For  further  particulars  consult  papers 
mentioned  in  Bibliog.) 

Neoplasms. 

882.  Cancer  and  Adenoma  are  the  commonest,  more  particularly 
the  former.  It  is  often  difficult  to  say  whether  a  cancer  invading  the 
head  of  the  pancreas  has  been  primary  in  that  organ  or  whether  it 
has  been  secondary  to  a  cancer  of  the  duodenuuL  The  tumour  is 
almost  always  located  in  the  head  of  the  organ,  a  fact  which  would 
seem  to  favour  the  latter  of  these  views.  In  some  cases,  however,  the 
tumour  appears  to  be  primary. 

Tubercular  and  sjrphilitic  affections  of  the  gland  are  almost 
unknown. 


THE  PERITONEUM. 
Inflammation — Peritonitis. 

883.  The  minute  alterations  of  the  membrane  when  inflamed  have 
already  been  fully  discussed  (vol.  i.  Sect.  176).  It  remains  simply  to 
indicate  the  grosser  features  of  the  disease  and  its  various  causes  and 
issues. 

When  acutely  inflamed,  the  peritoneum  becomes  congested  and 
opaque.  That  covering  the  bowel  may  be  deeply  congested  with 
extravasations  of  blood  in  its  substance.  A  coating  of  fibrinous 
lymph  on  the  surface  often  renders  the  opacity  of  the  membrane 
a  still  more  striking  feature. 

The  two  chief  issues  are  in  the  formation  of  adhesions  and 
suppuration.  The  adhesions  are  brought  about  in  the  same  way  as 
adhesions  of  serous  surfaces  elsewhere.  When  suppuration  occurs, 
the  pus  tends  to  bag  in  all  the  dependent  pouches  of  the  sac,  and 
particularly  in  the  pelvis.  It  must  be  borne  in  mind,  however,  that 
the  suppuration  may  be  partially  distributed  and  that  the  pus  may 
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be  pent  up  in  parts  of  the  abdomen  other  than  those  which  are 
dependent. 

When  the  adhesions  become  fibrous  the  consequent  matting  together 
of  the  bowel  often  induces  disastrous  efiects  by  obstructing  the  onward 
passage  of  the  contents.  Sometimes  the  great  omentum  becomes 
rolled  up  in  a  rope-like  manner  and  attached  by  its  free  extremity 
usually  to  the  lower  part  of  the  anterior  abdominal  wall  or  to  the 
peritoneum  lining  the  iliac  fossa.  At  other  times  hard  or  cord-like 
adhesions  are  found  stretching  between  distant  loops  of  intestine,  or 
fastened  on  the  one  hand  to  the  intestine,  on  the  other  to  some  part 
of  the  parietal  peritoneum.  A  mass  of  bowel  may  slip  under  such 
bands  and  suffer  strangulation. 

The  included  loops  of  bowel  come  to  be  more  and  more  loaded 
with  faecal  matter  until  their  return  is  rendered  impossible  with- 
out division  of  the  constriction.  They  sufier  extreme  congestion, 
haemorrhages  take  place  into  their  coats,  the  glossy  lustre  of  the 
surface  vanishes,  and  the  bowel  becomes  gangrenous. 

Causes. — These  are  chiefly  perforation  of  some  part  of  the 
gastro-intestinal  tract,  with  escape  of  faecal  matter  or  of  the  contents 
of  the  stomach,  as  in  typhoid  fever  or  acute  perforating  ulcer  of  the 
stomach.  It  is  also  a  common  sequela  of  peritoneal  tttberculosis,  cancery 
or  some  other  tumour  disease.  The  parturient  woman  is  liable  to 
suffer  from  it  for  obvious  reasons;  and  of  course,  as  might  be 
expected,  it  is  often  due  to  traumatic  causes,  as  where  the  peritoneum 
is  wounded  from  without. 

The  serous  coat  of  the  intestine  alone,  if  left  intact,  appears  to  be 
sufficient  to  prevent  septic  contamination  from  the  contents  of  the 
bowel  The  same  holds  good  often  of  the  peritoneum  covering  a 
septic  abdominal  abscess. 

Patholog^ical  Phenomena — ^As  a  rule,  the  disease,  in  its  acute 
form,  is  accompanied  by  great  pain.  It  is,  however,  a  remarkable 
fcict  borne  out  by  a  pretty  common  experience  that,  even  when 
suddenly  induced,  as  from  traumatism,  there  may  be  excessive  peri- 
tonitis without  any  manifestation  of  pain  or  even  a  rise  in  temperature 
— ^nothing,  in  short,  to  indicate  the  excessively  morbid  state  of  the 
memhrane. 

The  author  has  seen  a  remarkable  case,  among  others,  of  this  kind  where  a  man 
ran  against  a  sharp  rail  in  the  dark  and  inflicted  on  himself  an  abdominal  injury. 
The  rail  penetrated  the  lower  aspect  of  the  scrotum,  passed  up  the  sheath  of  the 
rectus  abdominis  muscle,  and  entered  the  abdomen  close  to  the  umbilicus.  It 
carried  with  it  a  plug-like  mass  composed  of  the  various  articles  of  clothing  which 
he  wore  at  the  time  of  the  accident.  This  mass  neatly  torn  ofif  from  the  different 
garments  was  found  lying  free  in  the  abdominal  cavity  surrounded  by  pus.  There 
was  also  more  or  less  general  diffuse  suppurative  peritonitis.  The  man  did  not 
complain  of  pain,  nor  was  there  any  rise  in  temperature  ;  so  that  it  was  never  even 
suspected  that  he  suffered  from  the  abdominal  suppuration  which  caused  his  death. 
The  case  also  shows  the  possibility  of  a  foreign  body  lying  within  the  abdominal 
cavity  without  exciting  subjective  inconvenience. 
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When  a  septic  abscess  bursts  into  the  peritoneum,  immediate, 
almost  instantaneous,  collapse  may  ensue.  The  cause  of  this  is 
probably  the  rapid  absorption  by  the  peritoneum  of  the  septic 
chemical  products.  The  individual  may  rally,  however,  for  a  time 
and  again  pass  into  a  state  of  collapse  from  the  supervention  of 
peritonitis. 

Peritonitis  has  a  most  depressing  effect  upon  the  heart,  most  likely 
from  the  intimate  association  of  the  membrane  with  the  ramifications 
of  the  vagus  nerve. 

Tuberculosis. 

884.  It  is  often  difficult  to  trace  the  soiU"ce  of  tubercular  in- 
fection in  the  case  of  the  peritoneum.  A  woman,  for  instance,  is 
delivered  of  a  child  ;  peritonitis  follows  and  the  lymph  becomes  cheesy  ; 
the  tubercle  bacillus  develops  within  it;  and  a  general  tubercukr 
eruption  follows  in  course  of  time  in  various  organs.  Possibly  the 
bacillus  in  such  a  case  gains  access  to  the  abdomen  through  the 
Fallopian  tubes,  a  very  unlikely  supposition,  or  is  derived  from  the 
intestine. 

In  most  instances  of  primary  tubercular  peritonitis  there  is  no 
tubercular  ulceration  of  the  intestine,  nor  is  there  even  enlargement 
of  the  follicular  tissue.  If  ulceration  of  the  mucosa  is  found  in  such 
cases  it  is  usually  secondary  to  a  massive  deposit  of  tubercle  in  the 
peritoneal  coat  and,  it  may  be,  is  limited  to  one  or  at  most  two  or 
three  spots. 

Primary  tuberculosis  of  the  peritoneum  and  tubercular  ulceration  of  the 
intestinal  mucosa  are  two  different  diseases,  and  are  not  usually  associated. 
When  there  is  tubercular  ulceration  of  the  mucosa  the  mesenteric 
glands  certainly  become  enlarged  and  filled  with  gray  tubercles,  but 
the  peritoneum,  with  the  exception  of  that  covering  the  bowel  im- 
mediately opposite  the  ulcers,  as  a  rule,  is  free  from  tuberculosis. 

When  a  primary  eruption  of  tubercle  breaks  out  over  the  peri- 
toneum it  excites  peritonitis.  The  peritonitis  is  of  a  subacute 
nature,  so  that  it  may  not  prove  immediately  fatal.  Great  fibrous 
adhesion  of  the  bowel  to  adjacent  viscera  and  to  the  parietal  layer 
of  peritoneum  takes  place.  The  whole  of  the  abdominal  viscera  are 
matted  together  so  that  they  can  be  excised  almost  as  a  solid  tumour- 
like  mass.  Mixed  up  with  the  coils  of  the  intestine  and  its  adhesions 
are  innumerable  tubercles.  They  vary  in  size  from  a  millet  seed  to 
that  of  a  horse  bean,  and  are  mostly  cheesy  in  the  interior.  On 
separating  the  adhesions  more  or  less  curdy  pus  may  be  found  encap- 
suled  by  them.  The  tubercles  tend  to  ramify  over  the  capsule  of 
the  liver  but  not  within  its  substance.  They  are  very  abundant  on  the 
under  aspect  of  the  diaphragm,  where  they  evidently  develop  within 
the  large  lymphatic  trunks  in  this  situation.  Other  organs  throughout 
the  body  may  be  tubercular  or  not. 
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Cancer. 

8  b 5.  In  the  majority  of  cases  this  is  secondary  to  cancer  of 
some  abdominal  organ.  It  is  asserted,  however,  that  an  eruption 
iipon  the  membrane  of  primary  cancer  is  met  witL  The  author  has 
never  seen  such  a  case.  The  acquired  mesoblastic  peculiarities  of  the 
peritoneum  seem  to  have  so  diluted  any  epithelial  characteristics  which 
it  may  be  supposed  to  have  inherited  from  its  presumably  hypoblastic 
descent  (see  Malformations)  that  the  latter  seldom  assert  themselves. 
But  in  the  case  of  all  cancerous  tumours  springing  from  the  abdominal 
viscera,  and  more  particularly  where  the  tumour  occupies  the  stomach 
or  intestine,  secondary  cancer  tumours  are  likely  to  be  found  in 
some  part  of  the  peritoneum.  The  omentum  is  a  common  seat  of 
such  secondary  growths.  They  grow  often  first  of  all  as  pendulous 
almost  polypus -like  bodies  from  the  appendices  epiploicae  of  the 
transverse  colon.  These  fusing  constitute  a  hard  transversely  directed 
belt  or  hand  easily  felt  through  the  abdominal  wall,  and  with  which  the 
omentum  is  usually  intimately  bound  up.  The  tumour  has  a  great 
tendency  to  colloid  degeneration. 

LiPOMATA. 

886.  Sometimes  the  appendices  epiploica)  are  so  loaded  with  fat 
that  they  constitute  actual  fatty  tumours.  They  occasionally  become 
strangulated,  separate,  and  remain  as  free  non- adherent  masses  in 
the  peritoneal  sac.  Their  presence  does  not  seem  to  excite  peritonitis, 
probably  because  their  separation  takes  place  aseptically. 

Absorption  of  blood  from  the  peritoneum,  Ascites,  Haemor- 
rhage, etc.,  are  described  in  other  connections.  See  Transfusion^ 
Dropsy^  Pelvic  hsematocele,  etc. 
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Kosenberry  (Acute  Peritonitis  without  Pain) :  Med.  Age,  Detroit,  v.  1887,  p.  29. 
Tenillon  (Lipomata  of  Mesentery) :  Arch.  g^n.  de  m^.,  1886,  i.  p.  267. 


CHAPTER  LXXVII 

THE   NERVOUS   SYSTEM 

Meivibranes  covering  Central  Parts. 

Anatomical  Details, 

887.  The  membranes  enveloping  the  brain  and  spinal  cord  may  be 
said  to  be  two  in  number — the  dura  mater  and  the  pia-arachnoid. 

The  encephalic  dura  mater  not  only  serves  as  a  covering  of  the 
brain,  but  also  fulfils  the  purpose  of  an  internal  periosteum  to  the 
skull.     Many  of  its  diseases  bear  out  this  periosteal  relationship. 

The  arachnoid  cannot  be  considered  separately  from  the  pia. 
The  two  form  the  adjacent  walls  of  a  sac,  the  subarachnoid  space,  and 
are  united  by  a  complete  sponge  work  of  retiform  trabecular  tissue. 
The  walls  of  this  sac  and  the  trabeculae  uniting  them  are  covered  by 
endothelium,  and  the  cavity  is  filled  with  lymphy  liquid.  The  sac 
indeed  is  a  huge  lymph-cistern,  subdivided  by  means  of  these  trabeculae 
into  minor  sacs.  Blood-vessels  ramify  in  its  walls,  and  project  into  it 
so  freely  that  effusions  of  all  kinds  poured  out  from  them  accumulate 
within  it.  As  in  the  case  of  the  pleura,  disease  afiecting  the  one  wall 
will  almost  always  be  found  implicating  the  other. 

Inflammation  of  the  Membranes — Meningitis. 

888.  The  term  meningitis  {jj/qviy^y  a  membrane)  is  applied 
generically  to  inflammatory  affections  of  any  of  the  encephalic  or  spinal 
membranes ;  that  of  pachjrmening^tis  {iraxvsj  thick)  to  the  disease 
when  confined  to  the  ditra,  while  that  of  leptomeningitis  (Actttos, 
slender)  is  employed  when  the  disease  has  its  seat  in  the  pia-arachnoid. 

Pachymeningitis, 

889.  When  the  disease  is  acute  in  its  onset  and  in  the  course 
which  it  runs,  it  will  be  found,  if  not  tubercular,  to  be  septic.     Com- 


568  THE  NERVOUS  SYSTEM  part  iv 

pound  fracture  of  the  skull,  the  wound  made  in  trephining,  disease 
of  the  ear,  pyaemia,  and  so  on,  are  the  more  immediate  exciting 
causes.  The  membrane  is  not  naturally  prone  to  acute  inflammation, 
and,  if  septic  mischief  is  avoided,  will  bear  considerable  mechanical 
insult. 

As  might  naturally  be  expected,  the  inflammation  in  septic  cases 
ends  in  suppuration,  and  the  pus  is  either  discharged  into  the  subdiu^l 
space,  or,  separating  the  membrane  from  the  bone,  becomes  more  or  less 
completely  encapsuled  between  them. 

The  disease  in  its  chronic  form  sometimes  arises  without 
apparent  cause,  but  in  a  large  proportion  of  instances  is  due  to 
krtiary  syphilis.  The  parietal  and  frontal  regions  are  perhaps  the 
commonest  seats  of  the  syphilitic  deposit  A  special  variety  of 
pachymeningitis,  not  necessarily  syphilitic,  is  found  affecting  the  upper 
cervical  region. 

The  membrane  is  seldom  universally  thickened  ;  more  commonly 
the  thickening  occurs  in  patches.  It  is  detached  with  difficulty  from 
the  calvaria.  Examined  microscopically,  the  thickening  is  seen  to  be 
due  to  excess  of  fibrous  tissue;  it  is  rarely  that  the  inflammatory 
products  suppurate. 

Syphilitic  pachjrmeningitis  is  usually  accompanied  by  syphilitic 
disease  of  the  bone.  The  bone  may  be  merely  roughened  and  in- 
durated ;  it  is  more  likely  eroded  internally,  possibly  to  such  an  extent 
as  to  have  caused  actual  perforation  of  the  skull  in  some  parts.  The 
erosion  may  also  spread  from  without  inwards,  but  in  such  cases  the 
membrane  is  secondarily  affected  j  when  the  erosion  is  on  the  inner 
aspect  the  syphilitic  disease  will  be  found  to  have  taken  origin  in  the 
dura  mater.  The  erosion  often  proceeds  at  several  points  simul- 
taneously. Pus  may  accumulate  under  the  scalp  and  a  slough  lay  bare 
the  disintegrating  bone. 

It  happens  occasionally  that  the  syphilitic  deposit  is  primarily  im- 
planted in  the  brain  in  the  form  of  a  gummatous  tumour.  This  may 
become  adherent  to  the  dura. 

The  appearance  of  the  dura  mat^r  where  the  disease  has  com- 
menced within  it  is  quite  characteristic.  Sclerous  patches,  varying  in 
size  from  a  sixpenny-  to  a  penny-piece,  or  larger,  are  scattered  over  it 
at  intervals.  They  are  hardest  at  the  centre,  and  when  cut  into  their 
texture  is  seen  to  be  densely  fibrous,  while  probably  one  or  more 
gummata  lie  embedded  in  the  fibrous  basis.  The  gummata  are  usually 
hard,  flat,  and  circumscribed.  The  adjacent  bone  has  the  characteristic 
worm-eaten  appearance  of  syphilitic  affections  of  the  skull  {q.v,\  When 
the  erosion  starts  from  without,  the  gap  in  the  skull  may  be  an  inch 
or  more  in  width.  In  such  cases  the  dural  membrane  does  not  as  a 
rule  give  way,  but  constitutes  the  floor  of  the  ulcer. 

According  to  Duret  (No.  521,  i  1878-79,  p.  29)  the  dura  mater  is 
highly  sensitive  to  pain.  Lesions  of  it  cause  pain  and  reflex  spasm  of 
the  muscles  of  animal  and  organic  life. 
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Leptomeningitis. 

890.  Disease  of  the  pia-arachnoid  may  follow  upon  a  variety  of 
circumstances.  The  largest  proportion  of  cases  are  due  to  tubercle, 
but  any  of  those  factors  previously  stated  as  being  likely  to  excite  a 
pachymeningitis  may  also  cause  an  inflammation  of  the  pia-arachnoid. 
Leptomeningitis  is  one  of  the  dangers  to  be  feared  in  ear  disease,  and 
in  septic  disease  of  the  orbit  after  enucleation. 

The  inflammations  of  this  membrane  tend  to  run  an  acute  course 
rather  than  to  become  chronic.  They  often  end  in  suppuration,  but  if 
the  individual  die  early,  which  is  often  the  case,  the  effusion  into  the 
subarachnoid  space  will  probably  be  found  to  be  highly  fibrinous. 

In  the  suppurative  variety  the  superficial  vessels,  and  more 
particularly  the  veins,  are  seen  to  be  engorged.  They  have  a  deep 
purple  colour,  and  are  swollen  and  tortuous.  The  convolutions  are 
flattened  and  the  sulci  shallow,  evidently  from  pressure ;  the  ventri- 
cular fluid  is  copious.  In  the  vicinity  of  the  parts  which  are  purulent 
the  congestion  is  extreme,  and  the  pus  is  seen  lying  beneath  the 
arachnoid.  On  account  of  its  being  enclosed  within  the  subarachnoid 
space  it  is  not  easily  detached,  and  maintains  its  position  even  when 
the  brain  is  placed  under  a  gentle  stream  of  water. 

Course  followed  by  the  Pus. — When  pus  is  poured  out  at 
the  base  of  the  brain  as  a  result  of  meningitis,  it  does  not  difiuse  itself 
generally  throughout  the  entire  subarachnoid  space,  but  infiltrates 
certain  definite  localities  and  follows  certain  constant  directions. 
Thus,  behind,  it  is  limited  as  a  rule  by  a  sharp  line  of  demarcation  run- 
ning across  the  under  aspect  of  the  cerebellum.  From  this  it  spreads 
forwards,  enveloping  the  medulla  oblongata,  pons,  and  district  of  the 
circle  of  Willis,  and  is  continued  into  the  two  Sylvian  fossae,  and  into 
the  commencement  of  the  great  longitudinal  fissure. 

In  taking  this  course  the  pus  is  guided  by  the  large  lymphsacs  in 
the  subarachnoid  at  the  base  of  the  brain,  and  occupies  the  same 
position  as  when  these  are  artificially  injected.  As  shown  by  Key  and 
Ketzius  (No.  540,  p.  93  et  seq,\  the  largest  of  these  lymph-sacs  lies 
around  the  medulla  and  on  the  lower  surface  of  the  cerebellum,  and 
they  give  it  the  name  of  "  cisterna  magna  cerebello-meduUaris."  There 
are  comparatively  few  trabeculae  within  this  sac  ;  a  probe  can  be  in- 
serted into  it  and  readily  moved  about  in  its  interior.  During  life  it 
contains  the  greater  part  of  the  subarachnoid  liquid  at  the  base.  Hence 
pus  readily  accumulates  within  it.  At  the  line  on  the  under  surface 
of  the  cerebelliun  limiting  its  posterior  boundary,  the  trabeculae  again 
become  dense,  the  arachnoid  and  pia  are  consequently  knit  closely 
together,  and  the  pus  is  thus  prevented  from  spreading  further  back- 
wards. From  this  huge  sac  there  run  forwards  over  the  pons  mainly  . 
three  other  sacs.  These  they  name,  from  their  positions,  respectively 
'*  cisterna  medialis  pontis  "  and  the  two  "  cisternse  laterales  pontis."  The 
former  surrounds  the  basilar  artery,  and  is  flanked  on  either  side  by  a 
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lateral  sac.  The  medial  sac  passes  forwards  to  end  in  a  blind 
extremity. 

Another  sac  occupying  the  middle  line  in  front  of  these  is  the 
"  cisterna  chiasmatis."  It  lies  underneath  the  optic  chiasma,  and  is 
richly  beset  with  trabeculae.  Passing  out  from  this  on  either  side 
are  the  two  large  "cisternse  fossae  Sylvii,"  diverging  into  the  two 
Sylvian  fossae  and  receiving  tributaries  from  the  subarachnoid  spaces 
of  the  neighbouring  sulci. 

The  whole  of  these  communicate,  through  the  main  sac  around  the 
medulla,  with  the  subarachnoid  space  of  the  spinal  cord,  and  can  be 
injected  from  it.  Hence  the  pus  sometimes  finds  its  way  downwards 
into  the  spinal  canal. 

Tubercular  Meningitis, 

891.  Tubercle,  as  beforesaid,  is  the  commonest  exciting  cause  of 
meningitis.     Tubercular  disease  of  the  encephalic  membranes,  however. 


Fio.  415.— Tubercular  Menixoitis  (x50  Diams.) 

(a)  Arachnoid  membrane  with  subarachnoid  spaces  (6,  h)  filled  with  inflammatory  effUsion  ;  («%  c) 
tubercles  in  the  subarachnoid  trabeculce ;  (d)  congested  blood-vessel ;  (c)  blood-vessel  with  small - 
cell  elfUsion  round  it  (Picro-cannine  and  Farrants'  Sol.) 


is  rare  in  old  age,  or  even  in  adult  life.  Hence  meningitis  of  tuber- 
cular origin  is  almost  exclusively  confined  to  childhood  and  youth  ; 
it  is  of  rare  occurrence  in  persons  above  twenty-five  years  of  age. 

It  either  manifests  itself  as  part  of  a  general  disease,  an  acute 
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tuberculosis  of  different  organs,  or  is  the  result  of  auto-infection  from 
a  cheesy  tubercular  tumour  located  in  the  brain  substance.  The 
membrane  affected  is  the  pia-arachnoid.  The  dura  mater  may  be 
held  as  almost  exempt ;  it  resembles  the  pericardium  in  this  respect. 

Sites. — The  tubercles  follow  pretty  closely  the  course  of  the 
blood-vessels.  They  are  minute,  seldom  so  large  as  a  millet  seed, 
and  often  microscopic.  They  have  the  gelatinous  consistence  and  gray 
colour  characteristic  elsewhere  of  young  tubercles.  Their  distribution 
is  irregular,  but  certain  localities  seem  more  favourable  to  their 
development  than  others.  Thus  it  is  matter  of  common  note  that 
they  are  seen  much  more  frequently  at  the  base  than  at  the  vertex. 
The  circle  of  Willis,  the  Sylvian  fossae  and  fissures,  the  siu-face  of  the 
pons,  the  lower  aspect  and  sides  of  the  cerebellum,  are  the  parts  in 
which  they  usually  prevail.  In  fact  it  holds  good  as  a  general  rule 
that  they  are  numerous  in  parts  where  tJie  large  arachnoid  lymph  sacs  are 
located  (see  Sect.  890). 

Another  site  where  they  will  be  found  pretty  often  is  over  the 
bases  of  the  ascending  frontal  and  ascending  parietal  convolutions.  It 
is  important  clinically  to  remember  that,  when  in  this  neighbourhood, 
twitching  of  the  muscles  of  the  face  is  a  common  indication  of  their 
presence.  Even  from  three  to  four  minute  tubercles  occupying  the 
lower  aspect  of  the  motor  area  may  call  forth  this  phenomenon. 

Appearances. — The  vessels  around  the  tubercles  are  in  a  state  of 
acute  hypersemia,  and  where  a  tubercle  holds  an  isolated  position, 
where,  for  instance,  a  single  tubercle  overlies  the  operculum,  a  zone  of 
hypersemia  will  be  found  encircling  it. 

The  base  of  the  brain  presents  a  characteristic  appearance.  The 
great  lymph  sacs  in  this  situation  are  distended  with  fibrino-serous 
inflammatory  effusion,  so  that  the  arachnoid  is  forced  up,  is  stretched, 
and  has  a  milky  gray  coloiu*.  Dimly  protruding  through  this  milky 
and  opaque  superstratum  numbers  of  tubercles  of  different  sizes  are 
to  be  seen.  They  may  be  entirely  hidden,  however,  if  the  effusion 
around  them  is  abundant.  The  cranial  nerves  are  frequently  embedded 
in  the  effusion. 

The  ventricular  liquid  is  abundant,  and  the  convolutions,  probably 
owing  to  the  compression  from  this  cause,  are  flattened  and  dry. 

Examined  microscopically,  the  tubercles  (Figs.  415  and  416)  present 
the  same  rounded  shape  and  sharp  border  as  elsewhere.  If  a  piece  of 
pia  mater  be  stretched  out  on  a  slide  the  tubercles  are  seen  to  be 
clustered  round  the  arteries  like  berries  on  the  branches  of  a  plant. 
Giant-cells  may  be  discovered  here  and  there,  but  there  is  usually  an 
absence  of  reticular  structure,  probably  from  the  disease  having  ended 
fatally  before  time  has  been  afforded  for  this  to  develop.  Their 
centres,  however,  notwithstanding  the  acute  progress  of  the  disease, 
are  often  caseous.  The  tubercles  lie  in  the  trabeculae  of  fibrous  tissue 
between  pia  and  arachnoid,  and  a  small  artery  is  generally  found 
embedded  in  their  substance  or  lying  at  their  side  (Fig.  415,  e). 
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Sometimes  the  artery  is  plugged  by  a  thrombus  (Fig.  416,  g).  The 
endothelium  covering  the  trabeculae  in  the  neighbourhood  is  in  a  state 
of  catarrhal  germination,  and  is  thrown   off  into  the  neighbouring 
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Fig.  416.— Tubercular  Meningitis  (x300  Diams.) 

(«)  Arachnoid  ;  (&)  small  tubercle  lying  in  the  trabeculae  between  arachnoid  and  pia ;  (c)  c 
of  llbrin  and  leucocytes  into  subarachnoid  simces ;  («i)  accumulation  of  catarrhal  endothelium  in 
subarachnoid  spaces  ;  (e)  tubercle  bacillus  lying  in  a  tubercle  of  considerable  size ;  (/)  small-cell 
effusion  ;  (p)  small  blood-vessel  obliterated  by  a  thrombus ;  (h)  blood-vessel  containing  blood- 
corpuscles  (stained  in  Pioro-carmine  and  mounted  in  Farrants'  Solution  to  demonstrate  the  sur- 
roundings ;  subsequently  unmounted,  washe<l,  and  stained  by  Ziehl-Neelsen  solution  of  Fuclisin, 
and  clarified  to  demonstrate  the  bacillus^ 


spaces  in  the  form  of  large,  round,  and  highly  nucleated  cells  (Fig. 
416,  d).  Fibrin,  leucocytes,  and  blood-serum  also  accumulate  in  the 
spaces,  and  it  is  the  presence  of  these  various  elements  combined  which 


CHAP.  Lxxvii  DISEASES  OF  MEMBRANES  573 

is  the  cause  of  the  stretching  and  milky  opacity  of  the  arachnoid 
referred  to  above.  The  tubercle  bacillus  (Fig.  416,  e)  is  sometimes 
abundant  within  the  tubercles,  and  is  not  difficult  to  demonstrate.  It 
has  been  found  in  the  eifusion  poured  out  into  the  subarachnoid 
lymph-sacs. 

Meningitis  from  Ear  Disease, 

892.  It  is  seldom  that  disease  of  the  ear  or  of  the  mastoid  cells 
occasions  a  diflftise  meningitis.  More  commonly  there  is  a  slight 
slough  of  the  dura  over  the  tympanum,  with  or  without  adhesion  of 
the  pia-arachnoid ;  while  only  patches  of  lymph  are  seen  on  the  inner 
aspect  of  the  diutt  mater,  accompanied  or  not  by  abscess  of  the 
neighbouring  brain  substance. 

Pitt  (No.  6,  1890,  i.  p.  644)  found  that  in  ten  out  of  twelve  cases 
of  temporo-sphenoidal  abscess  from  ear  disease  there  was  sloughing  of 
the  dura  localised  to  the  above  site,  and  that  diffuse  meningitis  was 
caused  mostly  by  an  abscess  of  the  brain  rupturing. 

Sometimes  there  is  great  diflSculty  in  tracing  the  connection 
between  the  ear  disease  and  an  abscess  of  the  brain  evidently  due  to 
it.  There  may  be  a  layer  of  sound  brain  tissue  intervening  even  in 
the  presence  of  a  meningitis  with  perforation  of  the  middle  or 
internal  ear.  Pitt  holds  that,  when  this  is  so,  the  channels  of  infection 
are  veins  which  empty  themselves  from  the  temporo-sphenoidal  lobe 
into  the  superior  petrosal  sinus.  The  sinus  may  be  in  a  state  of  septic 
phlebitis.  In  other  instances,  the  lymph-channels  convey  the  septic 
matter.  "WTien  there  is  a  localised  adhesion  of  the  brain  to  the  petrous 
bone  the  infection  spreads  directly. 

In  instances  of  mastoid  disease  the  lateral  sinus  becomes  throm- 
bosed, a  condition  very  apt  to  excite  pyaemia. 

Toynbee  was  of  opinion  (1)  that  affections  of  the  extenial  meatus  and  mastoid 
cells  excite  disease  of  the  lateral  sinus  and  cerebellum  ;  (2)  that  affections  of  the 
tympanic  cavity  occasion  disease  of  the  cerebrum  ;  and  (3)  that  affections  of  the 
vestibule  and  cochlea  give  rise  to  disease  of  the  medulla  oblongata.  Accordiug  to 
Pitt  (Ko.  6,  1890,  i.  p.  648),  if  meningitis  follow  disease  of  the  internal  ear,  the 
posterior  fossa  of  the  skull  is  usually  the  seat  of  it  When  an  abscess  forms  in  the 
cerebrum  as  a  result  of  ear  disease,  the  temporo-sphenoidal  lol)e  will  in  most  cases 
be  found  to  be  the  region  in  which  it  is  located.  The  abscess  may  be  of  such  size 
as  to  destroy  the  entire  lobe.  The  walls  present  a  peculiarly  sloughy  character  and 
have  a  grayish-green  colour. 

Epidemic  Cerebro-Spinal  Meningitis. 

893.  The  disease  which  goes  by  the  above  name  is  by  many 
physicians  regarded  as  a  specific  fever  of  which  meningitis  is  a 
local  manifestation.  It  shows  itself  epidemically  in  various  countries 
both  in  the  new  and  old  world,  and  appears  to  be  distinctly 
infectious. 
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The  thin  membraDes  of  the  cord  are  the  seat  of  vascular  congestion, 
with  effusion  of  a  liquid,  varying  from  a  turbid  serum  to  one  which 
is  distinctly  purulent,  into  the  subarachnoid  space  of  the  brain  and 
cord,  with  occasionally  a  similar  effusion  into  the  cerebral  ventricles. 

VUcd  Phenomena  of  Meningitis, 

894.  These  in  the  commencement  are  usually  of  the  nature  of 
pyrexia  followed  in  course  of  time  by  signs  of  implication  of  the 
cranial  nerves  or  cortical  motor  centres.  The  motor  oculi  nerves,  and 
more  especially  the  third,  lie  embedded  in  the  very  focus  of  the 
disease,  in  the  basilar  form,  and  hence  squint  or  some  abnormality  of 
the  pupil  is  a  common  symptom.  Optic  neuritis,  for  a  similar  reason, 
is  frequently  an  indication  of  the  disease.  Stimulation  of  a  particular 
cortical  centre  by  isolated  tubercles  has  already  been  referred  to  (p. 
571).  In  course  of  time,  however,  symptoms  of  brain -pressure 
follow,  due  most  likely  to  serous  eff'usion  into  the  ventricles,  a 
phenomenon  discussed  elsewhere  (Sect.  905).  The  accompanying 
headache  may  most  likely  be  ascribed  to  this. 

Literature  on  Meningitis. — Adamkiewicz :  Pachymeningitis  hypertrophica  and 
chronic  infarct,  of  spinal  cord,  etc.,  1890.  Bramwell  (Cerebro-Spinal) :  Lancet, 
1878,  i.  p.  9.  Greenfield  (Simple) :  St.  Thomas'  Hosp.  Rep.,  viii.  1878,  p.  143 ; 
also  (Tubercular),  Lancet,  1874,  i  pp.  833,  904.  Henoch:  Charity-Ann.,  xi.  1886, 
p.  575.  Hutchinson  (Direct  Traumatic  Arachnitis) :  Med.  Times  and  Gaz.,  1875,  L 
pp.  519,  647.  Sievers :  Om  meningitis  cerebro-spinalis  epidemica,  Helsingfors, 
1886.  Wieting:  (Meningo-Myelitis) :  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  xiiL 
1893,  p.  411.  zTiemek :  Zur  Kenntniss  der  Meningitis  cerebro-spinalis  epidemica, 
1885. 

Other  Affections  of  the  Membranes. 

895.  In  various  chronic  diseased  conditions  of  the  spinal  cord 
calcareous  plates  about  the  size  of  a  lentil  or  smaller  are  found 
upon  the  arachnoid.  A  feasible  explanation  of  their  presence  has  not 
as  yet  been  given. 

The  dura  mater  is  sometimes  the  seat  of  origin  of  tumours  of  the 
connective  tissue  class,  such  as  fibromata,  sarcomata,  or  endothelio- 
mata.  The  last  of  these  often  takes  on  cylindromatous  characters. 
The  flat  cells  are  arranged  in  a  tesselated  fashion  around  the  minute 
blood-vessels  (Fig.  132).  Secondary  cancers  occasionally  grow  from 
it.  More  commonly  they  arise  in  the  brain,  and  subsequently  become 
attached  to  the  dura. 


Ventricular  Granulations. 

In  chronic  diseases  of  the  brain  of  different  kinds  the  lining  mem- 
brane of  the  ventricles  sometimes  presents  a  fine  roughness,  owing  to 
minute  granulation-like  projections  from  its  surface.  They  appear  to 
be  entirely  cellular  and  are  devoid  of  blood-vessels. 
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Morbid  Changes  in  the  Histological  Elements. 
Gmiglim  Cells. 

896.  Hypertrophy. — There  is,  sti-ictly  speaking,  no  such  condition, 
but  in  acute  inflammation  the  ganglion  cells,  more  especially  the  large 
motor  cells  of  the  anterior  horn  of  gray  matter  in  the  cord,  become 
enlarged,  and  to  this  the  term  is  sometimes  applied.  Their  protoplasm 
at  the  same  time  assumes  a  granular  aspect,  their  outline  is  indistinct, 
and  their  angles  are  blunted.  Meynert  supposed  that  the  condition 
was  due  to  cedema ;  it  looks  more  like  a  cl(mdy  swelling  similar  to  that 
so  often  seen  affbcting  the  tubular  epithelium  in  inflammatory 
afiections  of  the  kidney,  and  in  the  liver-cells  in  many  different  morbid 
states  of  that  organ. 

Shrinking. — Diminution  in  size,  shrinkage,  and  ultimate  destruc- 
tion is  a  process  met  with  in  many  diseases  of  the  brain  and  cord. 
In  infantile  paralysis  the  ganglion  cells  of  the  anterior  horns,  and  in 
glosso-lahial  palsy  those  of  the  nuclei  of  the  hypoglossal,  pneumogastric, 
etc.,  undergo  shrinkage  and  finally  vanish. 

Pigmentation. — Impregnation  of  nerve  cells  with  brown  hsema- 
toidin  occurs  in  many  diseases,  especially  where  they  run  a  chronic 
course.  The  first  alteration  noticed  in  the  cells  of  the  nerve  nuclei 
just  mentioned  as  being  implicated  in  glosso-labial  palsy  is  this 
pigmentary  deposit  in  their  protoplasm.  It  is  frequently  associated 
with  shrinkage. 

Vacuolation.— Whitwell  (No.  521,  xii.  1890,  p.  520)  has  described 
a  condition  of  vacuolation  of  the  nucleus  occurring  mostly  in  those 
demented.  The  large  pyramidal  nerve  cells  of  the  fronto-parietal  con- 
volutions are  prone  to  suff'er  fi-om  it  The  nucleus  of  the  cell  either 
sweUs  into  a  single  transparent  globose  body,  or  several  small  vacuoles 
develop  within  it.  The  degeneration  often  seems  to  precede  a 
pigmentation  of  the  cell.  The  affected  cells  stain  deficiently  or 
irregularly  with  aniline-blue-black. 

Fatty  Degeneration. — There  is  no  alteration  so  prevalent  in 
diseases  of  the  central  nervous  system  as  fatty  degeneration.  The 
oil  globules  show  themselves  usually  first  at  one  end  of  the  cell,  often 
aggregated  in  a  mass.  When  seen  in  an  unclarified  preparation  they 
present  the  usual  highly  refractile  appearance  of  oiL  When  clarified, 
however,  the  individual  oil  globules  vanish,  and  a  yellow  transparency 
of  the  affected  part  of  the  protoplasm  is  all  that  remains  to  indicate 
the  lesion. 

Calcification. — Ganglion  cells  and  their  processes  have  occasion- 
ally been  found  infiltrated  with  lime  salts,  but  the  degeneration  is  not 
a  common  one. 

Proliferation. — Notwithstanding  that  it  has  often  been  asserted 
to  the  contrary,  there  seems  no  reason  to  believe  that  nerve  cells  ever 
proliferate.      There  is  no  evidence  of   new  nerve  cells  ever  being 
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generated  by  this  means.  Indeed  there  is  every  reason  for  concluding 
that  the  nerve  cells  of  foetal  life  are  those  which  prevail  throughout 
an  animaPs  entire  existence.  Once  destroyed,  they  never  seem  to  be 
replaced.  Appearances  held  to  be  demonstrative  of  multiplication 
of  nerve-cell  nuclei  are  deceptive,  and  may  be  the  result  of  colloid 
alteration  of  their  protoplasm. 

Nei've  Fibres. 

Fatty  Degeneration. — When  a  nerve  fibre  is  separated  from  its 
trophic  nerve  cell  it  suffers  from  fatty  or,  as  it  is  called,  "  Secondary  " 
or  "  Wallerian  "  degeneration  throughout  the  entire  course  of  the  distal 
segment.  When  a  part  of  the  brain  becomes  ischaemic,  as  from 
embolism,  the  deficient  supply  of  blood  leads  to  a  fatty  degeneration, 
in  which  the  nerve  fibres  are  involved. 

Enlargement  of  Axis-Cylinders. — This  is  a  most  remarkable 
form  of  degeneration,  found  as  a  rule  in  inflammatory  foci  both  in  the 
spinal  cord  and  in  the  brain.  It  is  also  seen  in  the  nerve  fibres  of  the 
retina. 

The  lesion  consists  in  an  irregular  contraction  of  the  axis-cylinders, 
whereby  swellings  appear  in  their  course  which  impart  to  them 
a  moniliform  appearance  (Fig.  421).  These  swellings  are  usually 
oval  in  shape  and  homogeneous  in  consistence.  The  individual 
masses  in  course  of  time  separate  from  each  other,  and  sometimes  a 
tail-like  appendage  is  found  adhering  to  one  end.  They  next  appear 
to  split  up  into  a  number  of  smaller  round  or  oval -shaped,  homo- 
geneous, corpuscle- like  bodies.  These  so- named  "colloid  bodies"  in 
most  respects  resemble  the  "  amyloid  bodies  "  found  so  frequently  in 
the  cord  and  brain,  but  fail  to  give  their  reactions.  They  seem  to 
perish  by  imdergoing  fatty  degeneration.  (For  further  particulars  see 
Myelitis  and  Cerebritis.) 

Calcareous  Degeneration. — This  has  already  been  referred  to 
as  occurring  in  nerve  cells  and  their  processes.  It  may  also  extend 
sometimes  to  the  actual  nerve  fibres  (Virchow  and  Forster). 

Diseases  of  tlie  Connective  Tissue, 

Sclerosis  (a-KXijpo's,  hard). 

Definition. — This  term  is  applied  to  a  condition  in  which  there 
is  an  overgrowth  of  the  connective  tissue,  the  neuroglia,  of  the  brain 
or  cord. 

The  neuroglia  contains,  it  will  be  remembered,  numbers  of  con- 
nective tissue  cells.  Most  of  them  have  large  nuclei  and  are 
branched ;  the  term  "  spider  cell "  or  "  Deiters'  cell "  is  applied  to 
those  which  are  branched.  When  the  brain  or  cord  becomes  sclerosed 
the  glia  cells  increase  in  niunber.     Their  nuclei  multiply,  and  this  is 
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followed  by  division  of  the  cell  itself.  The  new  cells  may  be 
branched  even  more  than  the  originals;  sometimes,  however,  they 
remain  unbranched.     They  tend  to  develop  into  fibrous  tissue. 

There  are  several  varieties  of  sclerosis,  among  which  the  following 
may  be  noted  : — 

Systemic  Sclerosis. — In  the  spinal  cord  of  locomotor  ataxia, 
for  instance,  the  sclerosis  follows  the  posterior  columns  from  below 
upwards,  and  in  many  instances  is  confined  to  these  columns.  The 
lateral  columns  may  similarly  be  the  exclusive  seat  of  a  sclerosis 
limited  to  the  crossed  pyramidal  tract. 

DifTuse  Sclerosis. — When  a  tumour  develops  within  one  of  the 
cerebral  hemispheres  some  amount  of  enlargement  usually  takes  place 


Fio.  417. — Transverse  Section  ok  Part  of  a  Posterior  Column  in  Locomotor  Ataxia, 

SHOWING  THE  SCLEROSIS  OF  THE  NEUROGLIA  ( X  350  DiAMS.) 

(a)  Small  blood-vessel ;  (h)  amyloid  body ;  (c)  remains  of  a  nerve  tube  partially  degenerated ; 
(</,  d,  d)  the  sclerosed  neuroglia  surrounding  empty  nerve  tubes  ;  the  tine  i)oint8  are  glia-ttbres  cut 
across  ;  (e)  the  interfnnicular  artery  (Perosmic  acid  and  Farrants'  Sol.) 

within  that  hemisphere.  The  enlargement  is  uniform  and  diffuse,  and 
is  strictly  confined  to  the  hemisphere  in  which  the  tumour  is  situated. 
It  is  caused  by  an  overgrowth  of  the  neuroglia.  The  "  spider  cells  " 
increase  in  size  and  number  to  a  marvellous  extent,  and  by  their  inter- 
lacing processes  constitute  a  complete  felt-work.  The  overgrowth  of 
the  connective  tissue  does  not  at  first  seem  to  destroy  the  nerve  fibres. 
They  may  be  seen  coursing  through  the  midst  of  the  network. 

Sometimes  this  difiuse  overgrowth  of  the  connective  tissue  occurs 
without  apparent  cause,  the  condition  being  usually  termed  Hjrper- 
trophy  of  the  Brain.  An  extraordinary  case  of  this  kind  is  recorded 
by  Tuke  (No.  5,  vii.  1873,  p.  257)  in  the  person  of  a  man.  The 
right  hemisphere  of  the  cerebrum  was  much  enlarged,  very   tough, 
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and  weighed  30 J  ounces ;  while  the  left,  which  was  of  natural  size, 
weighed  only  23^  ounces.  The  specific  gravity  of  the  two  was  alike. 
The  basal  ganglia  did  not  appear  to  have  participated  in  the  enlarge- 
ment. The  gray  matter  was  more  voluminous  than  usual  on  the 
aifected  side.  The  calvaria  was  dilated  in  accordance  with  the 
unilateral  enlargement.     The  increase  in  size  was  not  the  result  of 


— C.C.P. 


Fio.  418.— Hypertrophy  of  Cerebral  Hemisphere  accompanyiko  a  Tumour  in  the 
Occipital  Lobe. 

(CCA.)  Corpus  callosuui  anteriorly  ;  (C.N.)  caudate  nucleus ;  (L.V. A.) lateral  ventricle,  anterior 
horn  ;  (L.N.)  lenticular  nucleus ;  (I.C)  internal  capsule  ;  (Th.)  thalamus  opticus  ;  (UV.P.)  lateral 
ventricle,  posterior  horn ;  (CCP.)  corpus  callosuui  posteriorly ;  (Turn.)  tumour  (endothelioma) 
situated  in  the  occipital  lobe. 


hypertrophy  of  the  brain  tissues  proper,  but  was  caused  by  an  over- 
growth of  the  glia. 

A  similar  overgrowth  of  the  glia  has  been  noticed  by  Strumpell 
(No.  517,  ix.  1879,  p.  268),  where  the  brain  was  abnormally  small. 

Multiple  or  Insular  Sclerosis. — This  is  a  special  variety  of 
sclerosis  affecting  the  brain  and  cord,  and  characterised  by  the  over- 
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growth  being  localised  to  irregularly -shaped  patches.  There  appear 
to  be  two  varieties  of  it,  one  where  the  patches  are  soft  or  myxoma- 
like  in  character,  another  where  they  are  dense  and  hard.     It  seems 


f^-^BT^^^ 


c 


probable  that  the  mucoid  variety  may  be  a  further  advanced  stage  of 
the  sclerous.     (For  fiu-ther  information  see  Sect.  974.) 

Hyaline  or  Colloid  Condition, 

Over  and  above  the  mucoid  patches  just  referred  to  as  being 
found  in  disseminated  sclerosis,  multiple  colloid  masses  are  occasionally 
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seen,  mostly  in  the  cortex  of  the  brain,  which  may  bear  a  certain 
relationship  to  them.  The  colloid-looking  substance  in  question  seems 
in  most  cases  to  be  deposited  round  the  blood-vessels,  and  spreads  out- 
wards from  these.  It  resembles  the  amyloid  closely  in  its  general 
appearance,  but  fails  to  give  the  characteristic  reactions.  There  is  good 
evidence  for  believing  that  it  is  the  result  of  cellular  degeneration. 

A  peculiarly  dense  form  of  sclerosis  is  met  with  in  the  brain 
which  seems  to  precede  the  appearance  of  the  colloid.  It  consists 
in  a  tumour- like  hardening  of  portions  of  its  substance,  usually 
of  the  cortex.  The  margin  of  a  convolution  may  thus  feel  some- 
times like  a  piece  of  cartilage.  The  author  has  seen  it  in  chronic 
epileptics.  The  masses  are  not  large,  are  irregular  in  shape,  and  are 
multiple.  They  are  often  associated  with  a  similar  cartilage -like 
induration  of  the  medulla  oblongata,  a  condition  more  fully  referred 
to  in  Section  973.  The  cells  of  the  sclerous  tissue  break  down  subse- 
quently into  the  colloid.  Holschewnikoff  (No.  13,  cxii.  1888,  p.  552) 
describes  a  case  of  multiple  colloid  tumour  of  the  brain  where,  in 
addition  to  the  above  method  of  development,  the  new  tissue  seemed 
to  arise  from  the  coats  of  the  blood-vessels. 

A  good  example  of  this  colloid  condition  is  described  by  Simon  (No.  .517,  ii. 
1870,  p.  64).  It  occurred  in  the  person  of  a  woman  of  dissolute  life,  but  without 
direct  evidence  of  having  had  syphilis.  She  lived  to  sixty-four  years  of  age  and 
did  not  suffer  from  any  symptoms  indicative  of  the  extensive  lesion  of  which  she  was 
the  subject.  Throughout  the  entire  gray  mantle  of  the  cerebral  hemispheres  there 
were  numerous  hyaline  areas  of  a  gray-violet  to  a  bright  lilac  colour.  They  recalled 
the  appearance  of  hyaline  cartilage,  and  had  a  breadth  of  from  2  to  4,  a  depth  of 
from  1  to  2,  and  a  thickness  of  from  1  '5  to  3  m.m.  They  were  confined  entii*ely  to 
the  gray  substance,  and  appeared  all  to  commence  between  gray  and  white  matter, 
and  to  press  later  on  into  the  former.  The  cerebellum,  pons,  medulla  oblongata, 
and  spinal  cord  were  free  from  them.  The  patches  differed  in  this  respect  from 
those  of  insular  sclerosis.  They  were  also  more  hyaline  and  had  a  violet  tint.  The 
outer  area  of  the  patch  was  fibrillar  and  contained  numerous  branched  glia  cells. 
The  centre  was  hyaline,  and  within  it  the  nerve  cells  seemed  to  lose  their  branches, 
and  to  be  in  process  of  conversion  into  the  hyaline.  The  blood-vessels  were 
unaltered  ;  the  walls  of  the  capillaries  were  not  thickened,  but  were  surrounded  by 
numerous  glia  cells,  from  which  the  fibrous  network  seemed  to  spring.  He  does 
not  say  whether  reagents  were  applied  with  the  view  of  ascertaining  whether  or  not 
the  hyaline  substance  was  waxy. 


IVax-like  Disease. 

The  wax -like  infiltration  is  certainly  not  often  met  with  in  the 
central  nervous  system  or  peripheral  nerves.  There  is,  however,  a 
post-mortem  condition  which  closely  resembles  it.  It  has  already  been 
described  (Sect.  129).  Many  of  the  so-called  amyloid  bodies  appear 
also  to  arise  in  this  way,  although  others,  such  as  those  of  the  con!  in 
locomotor  ataxia,  are  truly  vital  productions. 
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Diseases  of  the  Blood-Vessels, 

897.  Those  affecting  the  arteries  are  mainly  atheromatous  and 
obi  iterative  arteiiitis^  simple  fatty  degeTwation,  and  miliary  aneurism  ;  but 
as  each  has  already  been  described  under  Diseases  of  the  Arteries  (Chap. 
XLIIL),  it  is  unnecessary  to  refer  to  them  further  at  present 

Thrombosis  of  the  cerebral  sinuses  is  not  very  uncommon. 
Those  which  are  the  seat  of  it  are  chiefly  the  great  longitudinal  and 
the  lateral.  It  generally  follows  a  phlebitis  affecting  the  interior 
of  the  sinus  wall,  and,  in  most  cases,  is  septic  in  its  origin.  Throm- 
bosis of  the  lateral  sinus  is  usually  the  result  of  disease  of  the  ear  or 
of  its  mastoid  cells.  When  pyaemia  sets  in  from  ear  disease,  it  appears 
to  be  associated  with  thrombosis  of  this  sinus. 

The  thrombus  either  fits  closely  into  the  interior  of  the  sinus,  or 
it  lies  more  or  less  detached  and  surrounded  by  pus.  The  lateral 
sinus  may  be  completely  occluded  by  a  firm  thrombus  running  from 
end  to  end. 

Diseases  of  the  Lymph-Vessels, 

898.  Under  the  designation  "  £tat  cribl^  "  Parchappe  and  Durand- 
Fardel  described  a  peculiarly  porous  condition  of  the  brain  substance. 
The  affected  part,  sieve-like,  is  permeated  with  minute  apertures.  It 
is  at  first  difficult  to  understand  how  the  condition  is  to  be  accounted 
for,  but  the  explanation  given  by  Arndt  (No.  13,  Ixiii.  1875,  p.  241) 
seems  to  throw  some  light  on  it.  He  makes  out  that  the  apertures  are 
dilatations  of  the  lymph  spaces  intervening  between  the  adventitia  of 
the  blood-vessels  and  the  brain  substance — the  so-called  "  lymph  spaces 
of  His," 

Literature  on  Diseased,  Conditions  of  the  Histological  Elements, — Anton  (Dis- 
turbances in  Growth  of  Surface  of  Brain) :  Ztschr.  f.  Heilk.,  vii.  1886,  p.  453. 
Arndt  (itat  Cribl^) :  Arch.  f.  path.  Anat.,  Ixiil  1875,  p.  241  ;  also  (Axis-Cyhnders), 
Arch.  f.  path.  Anat.,  Ixxviii.  1879,  p.  819.  Brunet  (Granulations  of  Ependyma) : 
Ann.  mW.  psych.,  Par.,  iv.  1886,  p.  54.  Fox  :  Path.  Anat  of  Nerv.  Centres,  1874. 
Furstner  and  Sttihlinger  (Gliosis  and  Formation  of  Cavities) :  Arch.  f.  Psychiat., 
xviL  1886,  p.  1.  Greenlees  (Recent  Researches  on  Gen.  Par.  of  Insane) :  Brain,  xi. 
1888-89,  p.  246.  Holschewnikoff  (Hyaline  Degeneration  of  Brain  Vessels) :  Arch. 
f.  path.  Anat.,  cxii.  1888,  p.  562.  Pick  (Cystic  Degeneration) :  Arch.  f.  Psychiat., 
XXI.  1889-90,  p.  910.  Popov  (Regeneration  of  Ant.  Comm.) :  Vrach.,  vii.  1886,  p. 
682.  Raymond:  Anat.  pathol.  du  syst.  nerv.,  1886.  Roth  (Varicose  Axis- 
Cylinders):  Arch.  f.  path.  Anat.,  Iv.  1872,  p.  208.  Schultze:  Arch.  f.  path. 
Anat,  Ixviii.  1876,  p.  109  ;  Ixxiii.  1878,  p.  443  ;  Ixxix.  1880,  p.  124  ;  Ixxxvii.  1882, 
p.  510.  Sharkey  (Cases  in  which  no  Naked-Eye  Changes  found) :  Lancet,  1885,  i. 
p.  1028.  Simon  (The  Spotted  Glassy  Degeneration  of  Cortex) :  Arch.  f.  Psychiat., 
li.  1869,  p.  64.  Virchow  (Granulations  in  Wall  of  Ventricle) :  Allg.  Ztschr.  f. 
Psychiat,  iii.  1846,  p.  242;  also  (Fatty  Degeneration),  Arch.  f.  path.  Anat,  x. 
1856,  p.  407.  Whitwell  (Nuclear  Vacuolation) :  Brain,  xii.  1889-90,  p.  520. 
Zsucher  (Nerve  Fibres  in  Gen.  Par.  of  Insane) :  Arch.  f.  Psychiat.,  xviii.  1887, 
p.  60. 

Porencephalia. 

899.  By  this  is  understood  a  condition  following  upon  absorption 
of  parts  of  the  brain,  and  occurring  during  intra-uterine  life,  in  which 
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a  peculiarly  porous  or  sponge-like  fibrous  texture  takes  the  place  of 
the  brain  substance. 

According  to  Kundrat  (No.  560),  the  destruction  of  the  brain 
substance  is  not  occasioned  by  haemorrhage  or  embolism,  but  is  due  to 
ifichaemia  and  the  malnutrition  resulting  therefrom.  The  true  nerve 
basis  gradually  disappears  by  absorption,  while  the  blood-vessels  and 
connective  tissue  framework  remain,  constituting  a  porous  network. 
The  blood-vessels  are  in  a  thickened  condition.  The  destruction 
usually  commences  deeply  in  the  white  matter  of  the  brain ;  the 
cortex  may  be  affected  later  on.  Sometimes,  however,  the  cortex  is 
preserved,  while  a  porencephalous  cavity  underlies  it. 


Fio.  420.— Porencephalia  AFf-EcriNo  Lateral  Aspect  of  Cerebrum  (Natural  SizeX 

(D.D.F.)  Direct  descending  fibres ;  (C.F.E.)  fibres  entering  corpus  callosum  from  vertex ;  (C.C.T.) 
crossed  callosal  tract,  consisting  of  those  fibres  which  have  crossed  in  the  corpus  callosum,  and 
which  are  descending  in  the  inner  capsule ;  (Por.)  porencephalous  destruction ;  (C.N.)  caudate 
nucleus ;  (I.G.)  inner  capsule  ;  (Th.)  thalamus  opticus  (gelatine-potash  niethodX 


Encephalitis  (Cerebritis)  and  Myelitis. 

900.  It  has  been  alleged  that  cerebritis  never  occurs  without 
being  accompanied  by  meningitis.  There  is  a  good  deal  of  truth  in 
this  statement.  The  pia  mater,  being  the  vascular  membrane,  is 
affected  either  widely  on  its  superficies  or  in  the  portions  which  dip 
into  the  brain  substance.  It  is  wrong,  however,  to  say  that  meningeal 
complication  is  invariable.  Foci  of  inflammation  and  suppuration  may 
be  found  embedded  deeply  in  the  white  matter  of  the  brain  without 
the  pia  mater  being  involved. 
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The  Acute  Fm^m, 

Characteristic  Appearances. — In  bygone  times  many  lesions 
unconnected  with  inflammation  were  described  as  indicative  of  a 
cerebritis  or  a  myelitis.  Thus  embolic  softening,  secondary  degenera- 
tion, etc.,  were  previously  included  in  the  category  of  inflammatory 
diseases.  There  is  even  yet  much  dubiety  as  to  the  classification  of 
the  sclerotic  diseases — whether  they  should  be  called  inflammatory 
or  not. 

Some  years  ago  the  author  (No.  9,  xv.  1875,  p.  335)  made  an 
experimental  inqitiry  into  the  subject  of  myelitis  with  the  view  of 
ascertaining  what  appearances  were  characteristic  of  it  when  artificially 
induced.     They  were  found  to  be  as  follows : — 

If  the  spinal  cord  is  artificially  stimulated,  as  by  passing  a  thread 
through  it,  inflammatory  reaction  begins  to  show  itself  within  a  few 


Fig.  421.— Acute  Myelitis  induced  in  the  Spinal  Cord  of  the  Cat,  and  uuowino  the  swollen 
Axi8-CYLnn>BR8.    The  portion  of  tissue  represented  is  taken  fh)m  the  anterior  commissure. 

(a)  Small  blood-vessel ;  (5)  leucocyte ;  (r)  swelling  on  axis-cylinder  cut  across ;  (ti)  unaltered 
medullated  ner\'e  fibre ;  (c)  monilifonn  swellings  on  axiM-cylinders. 

hours.  The  appearance  of  the  pial  sheath  is  alike  with  that  of  any 
other  inflamed  vascular  membrane. 

The  vessels  become  engorged,  and  from  them  there  exude 
numberless  leucocytes,  while  extravasations  of  blood,  the  result  of  the 
engorgement,  are  noticed  here  and  there.  These  phenomena  are  best 
seen  on  the  surface  of  the  cord,  but  also  prevail  in  the  septa  of  pia 
mater  which  extend  inwards. 

The  most  remarkable  and  characteristic  appearances,  however,  are 
to  be  found  in  the  nei*ve  tubes,  and  more  particularly  in  the  axis- 
cylinders. 
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The  axis-cylinders,  according  to  Schiefferdecker  (No.  14,  xxx. 
1887,  p.  458),  are  made  up  of  a  delicate  sheath  externally,  which  is 
easily  ruptured.  Within  this  are  contained  fluid  or  semi-fluid 
albuminous  contents.  It  is  questionable  whether  the  axis-cylinder 
is  fibrous,  although  it  has  been  asserted  by  Arndt  and  others  to  be 
80.  The  alterations  it  suffers  in  inflammation  seem  to  support  the 
view  of  its  being  homogeneous.  A  contraction  takes  place  in  its 
length  whereby  it  becomes  broken  up  into  fragments  (Fig.  421).  The 
fragments  are  converted  into  spherical  or  oval -shaped  homogeneous 
masses  (c),  and  several  of  these  may,  at  first,  be  united  in  a  moniliform 
fashion  (e),  A  complete  separation,  however,  follows,  so  that  the 
space  in  the  glia  which  formerly  contained  the  medullary  sheath  and 
axis-cylinder  now  holds  a  number  of  these  homogeneous  colloid  bodies. 
The  space,  as  a  consequence,  is  dilated  and  the  medulla  vanishes. 
Sometimes  the  colloid  body  possesses  a  tail -like  appendage  at  one 
end,  so  that  it  might  possibly  be  mistaken  for  an  altered  nerve  cell. 
The  alteration  in  the  axis-cylinders  makes  its  appearance  within  a  few 
hours  after  the  inflammation  has  commenced,  and  is  very  evident  at 
the  end  of  two  to  three  days.  It  is  most  evident  round  the  seat  of 
injury. 

A  fiuther  transformation  now  ensues.  Vacuoles  appear  in  the 
contracted  axis-cylinders,  and  bodies  like  nuclei  are  often  perceptible 
in  their  midst.  Arndt  (No.  13,  Ixiv.  1875,  p.  372),  taking  the  view 
that  the  axis-cylinders  are  fibrillar,  states  that  within  the  swellings  the 
fibrillae  disappear.  Where  they  go  to  he  cannot  say.  He  refers  to  the 
nuclear  bodies  above  mentioned.  Virchow  had  previously  seen  and 
described  these  nuclear  bodies.  Sometimes  they  are  homogeneous 
like  myeline  drops,  at  other  times  they  possess  a  nucleolus-like  object  in 
the  centre.    It  is  quite  possible  that  they  are  simply  modified  vacuoles. 

The  large  homogeneous  colloid  masses  in  course  of  time  split  up  into 
multiple  smaller  masses  of  the  same  consistence.  As  many  as  twenty 
or  thirty  of  these  may  be  met  with  lying  in  a  single  space  in  the  glia 
matrix.  They  are  usually  about  twice  the  size  of  a  blood-leucocyte. 
They  have  been  named  "  colloid  bodies."  They  are  morphologically 
identical  with  amyloid  bodies,  except  that  they  are  not  so  often  con- 
centrically striated.  In  some  instances,  however,  even  such  striation 
may  be  noticed.  They  diff'er  from  them,  however,  toto  ccdo  in  the 
fact  that  the  colour  tests,  which  are  so  readily  elicited  in  the  case  of 
true  amyloid  bodies,  fail  in  their  case. 

For  long  they  may  remain  as  "colloid  bodies."  In  course  of 
time,  however,  and  more  particularly  if  the  inflammation  has  gone  on 
to  suppuration,  they  appear  to  fall  into  a  state  of  fatty  degeneration, 
and  when  in  this  condition  closely  resemble  pus  corpuscles  which  have 
met  a  similar  fate. 

Zenker  (No.  618,  ii.  2, 1856,  p.  142)  appears  to  have  been  the  first  to  notice 
these  varicose  axis-cylinders.  He  found  them  in  the  retina.  His  observations  were 
contirmed  by  Miiller  (No.  518,  iv.  2,  1858,  p.  42).     Virchow  (No.  13,  xliv.  1868, 
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p.  475)  found  them  in  areas  of  brain  substance  softening  from  encephalitis.  Roth 
(No.  13,  Iv.  1872,  p.  207)  was  of  opinion  that  in  the  retina  they  were  indicative  of 
inflammation,  and  Berlin  (No.  518,  xiii.  1867,  p.  294  ;  also,  Ibid.,  xiv.  1868,  2,  p. 
281)  showed  that  they  could  be  called  forth  in  the  retina  by  artificially  stithulating 
it.  They  appear  in  from  one  to  sixteen  days  after  the  stimulus  has  been  applied. 
Grohe  and  Roth  are  said  to  have  produced  them  artificially  by  injuring  the  brain  of 
the  rabbit.  The  author's  own  experiments  (No.  9,  xv.  1875,  p.  336)  were  the  first 
to  demonstrate  their  presence  in  the  artificially  inflamed  spinal  cord.  Leyden  (No. 
535,  iL  p.  129)  regards  them  as  indicative  of  an  inflammatory  aflection. 

In  Man  huge  collections  of  such  **  colloid  bodies  "  derived  from  the 
axis-cylinders  may  be  found  in  the  midst  of  inflammatory  foci  of  the 
brain  and  cord  (Fig.  422).  Theii*  origin  from  the  axis-cylinders  can 
best  be  studied  at  the  margin  of  the  inflammatory  area,  where  they 


*^'^i  • 


Fig.    422. — SficnoK  of  Crusta   Pedim  Pedunculi   from    Man  affected  with  Inflammation, 

SHOWING  THE  COLLOID- LOOK IKO  SWOLLEN    AXIS-CVLINDER8    CUT   ACROSS    AND    OCCUPYING  ^TITK 

Medullary  Spaces  (x300  Diams.    Carmine  and  Clarined). 


can  be  seen  lying  in  rows  corresponding  to  the  original  axis-cylinders. 
Within  the  focus  of  inflammation  itself  they  are  amassed,  many  of 
them  being  still  pyriform  and  having  a  tail-like  appendage  at  the 
narrow  end — the  remains  of  the  axis-cylinder  from  which  they  took 
their  origin.  In  circumscribed  syphilitic  inflammations  of  the  brain 
they  are  sometimes  present  in  great  quantity.  They  have  been  noted 
by  Schulze,  Striimpell,  Kiissner,  and  Brosin  in  the  human  cord  aflfected 
with  myelitis. 

The  neuroglia  usually  shows  evidence  of   proliferation,   more 
particularly  if  the  area  stimulated  remains  aseptic  and  does  not  sup- 
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purate.  Its  spider  cells  become  polynucleated,  enlarge,  and  di\ide, 
and  the  new  cells  thus  formed  often  show  characteristic  karyokinetic 
appearances  (Friedmann). 

The  alterations  suffered  by  the  nerve  cells  are  of  a  purely  retro- 
grade character ;  cloudy  swelling  of  their  substance,  with  contraction 
and  division  of  their  processes,  is  often  met  with.  They  never  seem 
to  respond  to  the  stimulus  by  multiplying.  Popoff  (No.  13,  IxiiL 
1875,  p.  421)  alleged  that  wandering  cells  find  their  way  into  nerve 
cells  in  the  encephalitis  following  typhoid.  He  said  that  he  found  the 
same  phenomenon  in  myelitis  induced  experimentally.  He  also  alleged 
that  the  protoplasm  of  nerve  cells  is  capable  of  absorbing  particles  of 
cinnabar  and  other  foreign  particulate  substances. 

The  Chronic  Foim. 

Whether  the  so-called  scleroses  are  to  be  traced  to  inflammatory 
causes  or  not  is  a  much-debated  question.  If  they  are  so  it  is  some- 
what ciuious  that  in  many  instances  they  follow  definite  tracts  in  the 
cord  and  in  the  central  parts  above. 

When  a  tumour  is  located  in  a  hemisphere  of  the  cerebrum,  the 
whole  of  the  hemisphere  often  imdergoes  enlargement  from  an  over- 
growth of  the  neuroglia  (p.  577).  Is  this  to  be  regarded  as  a  chronic 
inflammation  ?     It  is  difficult  at  present  to  answer  the  question. 

In  epileptics  an  almost  cartilaginous  hardness  of  the  medulla 
oblongata  is  sometimes  met  with.  It  is  caused  by  an  overgrowth  of 
fibrous  tissue  running  chiefly  along  the  blood-vessels.  Whether  this 
is  to  be  considered  as  inflammatory  in  its  origin  is  also  questionable. 


Abscess  of  the  Brain. 

901.  Abscess  of  the  brain  from  ear  disease  has  already  been  referred 
to  (Sect.  892).  It  sometimes  lies  deeply,  a  layer  of  healthy  brain  sub- 
stance intervening  between  it  and  the  bone,  and  may  be  so  large  that 
it  occupies  the  entire  temporo-sphenoidal  lobe  or  a  hemisphere  of  the 
cerebellum.  When  the  abscess  has  reached  such  dimensions  the  sac 
has  become  single.  It  contains  green  or  gray  coloured  pus,  and  its 
wall  is  more  or  less  sloughy. 

It  may  happen  that  the  abscesses  are  multiple,  and  when  so  they 
are  generally  caused  by  a  pyaemic  state  of  body. 

A  blow  on  the  head,  without  fracture  of  bone,  may  cause  an  abscess 
to  form  in  the  brain  substance ;  at  least  the  author  has  seen  a  case 
where  the  abscess  could  not  otherwise  be  accounted  for. 

In  typhoid,  diphtheria,  and  other  diseases  multiple  foci  of  inflammar 
tion  may  show  themselves,  which  proceed  to  suppuration.  It  has  been 
stated  that  multiple  minute  abscesses  of  the  brain  cortex  account  for 
some  cases  of  chorea. 
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Literature  on  MyelUis  and  Encephalitis, — Ranham  (Myelitis  with  Calculus  in 
Ureter) :  Lancet,  1886,  i.  p.  737.  Buss  (Acute  Dissemin.  Myelitis  Bulbi) :  Deut. 
Arch.  f.  klin.  Med.,  xli.  1887,  p.  241.  Friedmann  (Inflammation  of  Nerves  and 
Ganglion  Cells):  Arch.  f.  Psychiat,  xix.  1887,  p.  244;  also  (Enceph.),  Arch.  f. 
P^chiat,  xxi.  1889-90,  p.  461  et  seq,  Hamilton:  Quarterly  Joum.  Mic.  Sc.,  xy. 
1875,  p.  335.  Hayem  (Enceph.):  Arch,  de  physiol.  norm,  et  path.,  i.  1868,  p. 
401.  Herter  (Experimental  Myelitis) :  Med.  News,  Phila.,  liv.  1889,  p.  221. 
Hoeaenin  (Enceph.) :  Handb.  d.  spec.  Path.,  xL  1876,  p.  329.  Letzerich  (Enceph. 
Diphtheritica) :  Arch.  f.  path.  Anat.,  Ixv.  1875,  p.  419.  Leyden  (Chronic  Myelitis 
and  System  Diseases):  Centralbl.  f.  Nervenheilk.  u.  Psychiat.,  iii.  1892,  p.  153. 
▼.  Limbeck  (Congenital  Encephalitis) :  Ztschr.  f.  Heilk.,  vii.  1886,  p.  87.  Meyer 
and  Bayer:  Arch.  f.  Psychiat,  xii.  1882,  p.  392.  Obermeier  (Varicose  Axis- 
Cylinders) :  Arch.  f.  path.  Anat,  Iviii.  1873,  p.  823.  Roth  (Varicose  Hypertrophy 
of  Nerve  Fibres) :  Arch.  f.  path.  Anat,  Iv.  1872,  pp.  197,  517  ;  Iviii.  1878,  p.  266. 
Strumpell  (Enceph.):  Deut  Arch.  f.  klin.  Med.,  xlvii.  1890-91,  p.  63.  Vu-chow 
(Enceph.):  Arch.  f.  path.  Anat,  xliv.  1868,  p.  472;  Ibid.,  xxxviii.  1867,  p.  129. 

Syphilitic  Affections. 

902.  Many  of  the  inflammatory  affections  of  the  central  nervous 
system  are  of  syphilitic  origin.  According  to  Virchow  and  others,  the 
commonest  form  which  syphilitic  inflammation  takes  is  that  of  a  basilar 
meningitis.  Oppenheim  (No.  537,  p.  2)  describes  the  disease  imder 
such  circumstances  as  being  concentrated  in  the  vicinity  of  the  optic 
chiasma.  The  subarachnoid  space  in  this  locality  looks  as  if  filled 
with  a  coagulated  fluid  such  as  parafiin  or  celloidin.  This  penetrates 
into  all  the  neighbouring  fissures,  and  the  origins  of  the  cranial  nerves 
and  the  optics  and  motores  oculi  are  more  especially  embedded  in  it 
The  nerves  themselves  may  be  altered  and  swollen,  and  on  section 
present  a  glassy  lustre,  or  are  gray  to  a  bacon-yellow  in  colour.  There 
are,  nevertheless,  cases  where  the  nerves  are  quite  healthy.  The  optic 
tract,  the  oculomotors,  and  the  fifth  nerve  may  be  involved  in  a  tumour- 
like mass  of  new  tissue.  The  remainder  of  the  brain  may  be  intact, 
or  may  show  hasmorrhages  and  softening,  most  often  located  in  the  basal 
ganglia ;  while  in  some  parts  gummata  may  be  found. 

The  gummata  vary  in  size ;  they  often  lie  near  the  surface,  in  which 
case  the  dura  is  usually  adherent  to  them.  Huge  cheesy  masses 
sometimes  occupy  the  cerebellum.  They  may  be  traceable  to  syphilis, 
but  in  most  instances  will  be  foimd  to  be  tubercular.  As  already 
described  under  diseases  of  the  dura  mater,  gummata  are  located 
occasionally  in  this  membrane. 

The  arteries  are  very  frequently  involved,  the  most  characteristic 
form  of  disease  from  which  they  suffer  being  arteriUis  obliterans  (see 
vol.  i.  p.  664). 

Sometimes,  however,  this  affection  of  the  vessels  gives  rise  to  local 
foci  of  inflammatory  softening.  The  softened  part  may  have  a  reddish- 
brown  colour,  hence  the  term  red  softening  formerly  applied  to  the 
lesion.     The  crus  cerebri  and  pons  may  exhibit  such  a  focus. 

Syphilis  and  Tract  Lesions. — It  can  hardly  be  denied,  in  face 
of  the  evidence  favouring  the  view,  that  a  good  many  of  the  tract  or 
system  lesions  of  the  spinal  cord  owe  their  origin  to  syphilis.     Thus  a 
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large  proportion  of  those  who  are  the  subjects  of  locomotor  ataxia 
have  a  syphilitic  history  (see  Locomotor  Ataxia),  There  are  other  forms 
of  tract  sclerosis  which,  as  indicated  both  by  the  history  and  by  the 
nature  of  the  lesion,  are  traceable  to  no  other  cause.  Such,  for  instance, 
is  a  case  recorded  by  Rumpf  (No.  517,  xvi.  1885,  p.  410),  where  a 
man  eleven  months  after  acquiring  syphilis  began  to  suffer  from 
hemiplegia  and  other  symptoms  pointing  to  implication  of  the  cord. 
After  death  it  was  found  that  he  was  the  subject  of  degeneration  of 
both  crossed  pyramidal  tracts  and  of  the  tracts  of  Goll,  accompanied 
by  a  syphilitic  condition  of  the  spinal  blood-vessels. 

Period  of  Advent — The  time  at  which  the  cerebral  lesion  shows 
itself  after  the  primary  affection  has  been  variously  estimated.  Gowers 
(No.  6,  1889,  i.  p.  235)  gives  the  following,  drawn  up  from  fifty  cases 
which  came  under  his  own  observation,  exclusive  of  those  above  forty- 
five  years  of  age  : — 


1  to    2  years      .... 
3  ,,    6     ,,         . 
6  „  10     „          . 

9  caaes 
7     ,, 
.       9     ,. 

11  „  15     „          . 

.     11     „ 

16  „  20     „          . 

.       4     „ 

There  was  an  interval  of  nineteen  years  in  a  man  who  had  syphilis 
at  eighteen.  The  shortest  interval  was  three  months ;  in  another  case 
the  attack  occurred  six  months  after  infection.  In  others  the  time 
could  not  be  definitely  determined. 

Vital  Phenomena. — By  far  the  commonest  manifestation  is 
hemiplegia^  a  fact  pointing  to  disease  of  the  middle  cerebral  artery. 
Local  paralysis  of  the  cranial  nerves,  those  concerned  with  the  move- 
ments of  the  eyeballs  and  upper  eyelids  in  particular,  is  highly 
significant,  when  supported  by  collateral  facts,  of  a  localised  syphilitic 
lesion.  Where  a  focus  of  syphilitic  softening  is  located  opposite  the 
origin  of  the  fifth  nerve,  excessive  neuralgia  on  the  same  side  of  the 
head  may  constitute  the  most  prominent  indication  of  the  disease. 

Literature  on  Syphilitic  Affections  of  Nervous  System. — Althaus  (of  Membs.  of 
Brain) :  Arch.  f.  Fsychiat.,  xvL  1885,  p.  541.  Baumg^arten :  Arch.  f.  path. 
Anat.,  Ixxxvi.  1881,  p.  179.  Bramwell  (Intracranial  Syphilis):  Studies  in  clin, 
med.,  Edin.,  i.  1889-90,  p.  2.  Charcot  and  Gombault :  Arch.  d.  physiol.  norm,  et 
path.,  V.  1873,  pp.  143,  304.  Comil :  Le9ons  siir  la  sypliilis,  1879.  Dalv 
(Arteries) :  Brain,  viii.  1885-86,  p.  392.  Dowse  :  Syphilis  of  Brain  and  Sp.  Cord, 
1879.  Erb  (Sy ph. 'Spinal  Paralysis):  Neurolog.  Centralbl.,  xi.  1892,  p.  161. 
Foumier :  Union  m^d.,  Nos.  62,  66,  69,  76,  79,  84,  and  87  for  1884.  Gajldewicz  : 
Syphilis  du  syst^me  nerveux,  1892.     Gerhardt :  Berl.  klin.  Wochnschr.,  xxiii.  1886, 

y.  1.  Gowers  (Gulstonian  Lectures  on  Syphilis  and  Nervous  System):  Brit  Med. 
oum.,  1889,  i.  p.  57.  Greenfield  (Arteries):  Trans.  Path.  Soc.  Lond.,  xxviii. 
1876-77,  p.  249.  Heubner :  Die  luetische  Erkrankun^  d.  Himarterien,  1874  ;  also, 
Cycl.  Pract.  Med.  (Ziemssen),  xii.  1877,  p.  293.  Hutchinson :  Med.  Press  and  Circ,, 
xxxvii.  1884,  pp.  371,  394.  Oppenheim  :  Zur  Kenntniss  d.  syph.  Erkrank.  d.  central. 
Nervensystems,  1890.  Rumpf:  Die  syph.  Erkrankungen  d.  Nervensystems,  1887  ; 
alsoy  Arch.  f.  Psychiat.,  xvi.  1885,  p.  410.  Schmaus  (Primary  Syph.'Arteriitis  in 
Sp.  Cold) :  Sitzungsb.  d.  Gesellsch.  f.  Morphol.  u.  Physiol,  in  Miincnen,  iv.  1888,  p. 
115.  Siemerlinfi^  (Congenital  Syphilis):  Arch.  f.  Psychiat.,  xx.  1888,  p.  102. 
Virchow :  Ueb.  d.  Natur  d.  constitutionell-syphilitischen  Affectionen,  1869. 


CHAPTEK  LXXVm 
THE  NERVOUS  SYSTEM— (Continued) 

Circulation  within  the  Brain  and  Spinal  Cord. 

903.  As  we  are  now  about  to  consider  a  set  of  lesions  in  whose 
pathology  the  blood-vessels  play  an  essential  part,  a  few  general 
remarks  on  the  ciixulation  within  the  brain  and  spinal  cord  may  not 
be  inapplicable. 

Tlie  EncepJmlic  Blood-Supply, 

The  arteries  within  the  brain  are  of  two  kinds:  (1)  those  which 
anastomose,  and  (2)  those  which  are  terminal  As  shown  by  Henbner 
(No.  327),  there  is  a  free  communication  between  the  various  arteries 
coursing  over  the  sm-face  of  the  organ  within  the  pia  mater.  Hence 
these  are  far  from  being  terminal.  When  coloured  injection  is  driven 
into  any  of  the  main  stems  coming  off  from  the  circle  of  Willis,  it 
soon  runs  into  the  secondary  branches  emulging  from  them.  The 
secondary  branches  divide  into  a  close  network  within  the  pia,  which 
is  in  communication  vrith  all  other  branches  on  the  surface  of  the 
hemisphere,  so  that,  from  any  one  tributary,  the  entire  arterial 
system  on  the  surface  can  be  readily  filled.  The  injection  passes  at 
first  rapidly  through  the  main  stems,  and  it  is  only  when  these  have 
become  distended  that  the  network  in  the  pia  begins  to  fill.  From 
the  pial  network  fine  branches  run  into  the  brain  substance.  Most 
of  them  split  up  in  the  gray  matter,  but  a  few  of  them  are  longer 
and  penetrate  into  the  white.  The  gray  matter  is  thus  much  more 
vascular  than  the  white. 

The  pial  network  may  accordingly  be  regarded  as  a  safety 
reservoir.  Exacerbations  of  pressure  drive  the  blood  rapidly  through 
the  main  stems,  but  the  ill  effects  on  the  brain  of  this  sudden  afflux 
are  warded  off  by  the  increased  blood  being  accommodated  in  the 
pial  network. 

The  cortical  supply  of  arteries  is  therefore  freely  anastomotic.     It 
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is  quite  otherwise  with  the  branches  which  perforate  the  base  of  the 
brain,  and  which,  passing  upwards  through  the  perforated  spaces, 
supply  the  basal  ganglia  and  intervening  capsules.  These  appear  to 
be  perfectly  terminal,  and  hence,  when  occluded,  the  parts  supplied  by 
them  die.  They  come  off,  it  will  be  remembered,  from  the  vessels 
entering  into  the  formation  of  the  circle  of  Willis,  and  are  the  follow- 
ing:— 

1.  The  antero-median  branches  leaving  the  anterior  cerebral  close 
to  the  anterior  communicating  artery  and  supplying  the  head  of  the 
caudate  nucleus  alone. 

2.  The  antero-lateral  branches  springing  from  the  middle  cerebral 
close  by  its  origin  and  supplying  the  great  part  of  the  caudate 
nucleus,  the  entire  lenticular  nucleus,  a  portion  of  the  thalamus,  and 
the  whole  of  the  inner  capsule.  The  importance  of  these  branches  is 
accordingly  very  great. 

3.  The  postero-median  branches  given  off  at  the  bifurcation  of  the 
basilar  and  irrigating  the  inner  aspect  of  the  optic  thalamus. 

4.  The  postero-lateral  branches  taking  origin  from  the  posterior 
cerebrals  and  distributed  throughout  the  choroid  plexus,  the  external 
and  posterior  regions  of  the  thalamus,  nearly  the  whole  of  the  wall  of 
the  lateral  ventricle,  the  corpora  quadrigemina,  and  the  superior 
portions  of  the  crura  cerebri. 

According  to  Duret  (No.  4,  i.  1874,  p.  60)  there  is  a  complete 
anatomical  separation  between  the  branches  given  off  from  the  circle 
of  Willis  to  the  two  sides  of  the  brain.  Not  only  so,  but  even 
although  the  communication  is  free  in  the  circle,  the  blood-supply  of 
the  two  hemispheres  is  in  a  manner  unconnected.  Thus  Schulten 
(No.  96,  xxxii.  1885,  p.  463)  by  an  ingenious  device  made  out  that 
when  one  carotid  is  tied,  the  pressure  within  the  ophthalmic  artery  of 
the  same  side  sank  20-30  to  40  mm.  Hg.,  while  that  on  the  opposite 
side  remained  unaltered.  This  is  one  of  the  great  causes  of  death 
after  ligature  of  the  carotid. 

In  summing  up  the  substance  of  an  elaborate  paper  upon  the  circulation  within 
the  cranium,  Lewy  (No.  13,  cxxii.  1890,  p.  146)  draws  the  following  corollaries  : — 

1.  The  regulation  of  the  supply  of  blood  to  the  brain  follows  the  same  laws  as 
in  other  parts  of  the  body — that  is  to  say,  widening  of  the  arteries  up  to  a  certain 
limit  causes  increase,  narrowing  of  them  decrease  of  the  blood  stream  passing  through 
them. 

2.  Venous  turgescence  occasions  arterial  ansemia,  and  acute  pressure  of  the  brain 
from  any  cause  brings  about  a  like  result 

3.  Widening  of  the  arteries  beyond  a  certain  limit,  as,  for  instance,  through 
inflammatory  stimulation,  brings  about  arterial  ansemia — that  is  to  say,  less  blood 
passes  through  them. 

The  Blood-Supply  of  the  Spinal  Cord, 

904.  It  will  be  remembered  that  the  chief  source  of  the  arterial 
supply  to  the  cord  is  from  the  spinal  branches  of  the  vertebral  in  its 
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ascent,  and  from  the  anterior  and  posterior  spinal  arteries  given  off 
from  it  on  a  level  with  the  medulla  oblongata.  The  two  anterior 
spinals  unite  to  form  the  anterior  median  artery,  running  the  entire 
length  of  the  cord,  and  anastomosing  with  the  spinal  branches  of  the 
vertebral  above  referred  to,  as  well  as  with  branches  of  the  inferior 
thyroid,  intercostal,  and  lumbar  arteries.  The  plexus  thus  formed 
ramifies  in  the  spinal  pia  mater,  from  which  subsidiary  branches  are 
given  off  to  the  cord. 

The  veins  unite  in  a  rich  plexus  constituted  by  the  veins  of  the 
bodies  of  the  vertebwe,  the  anterior  longitudinal  spinal,  and  the 
posterior  longitudinal  spinal.  They  anastomose  freely,  and  those 
emerging  at  first  hand  from  the  cord  ramify  in  the  pia  mater  side  by 
side  with  the  arteries.  Through  their  abundant  anastomosis  they 
ultimately  pour  their  blood,  above,  into  the  vertebral  and  inferior 
cerebellar  trunks,  and  perhaps  also  into  the  inferior  petrosal  sinus, 
and,  below,  into  the  lumbar,  the  intercostal,  and  the  vertebral  veins  by 
communications  formed  through  the  intervertebral  foramina. 

The  ultimate  distribution  of  the  arteries  and  veins  to  the  cord  in  Man,  according 
to  Adamkiewicz  (No.  12,  Ixxxiv.  H.  I.,  Ab.  III.  1881,  p.  469)  is  as  understated  :— 

From  the  anterior  median  artery  of  the  cord  are  given  off  great  numbers  of 
branches  which  pass  into  the  anterior  median  sulcus.  He  calls  these  arterim  sulci. 
They  split  upon  the  anterior  commissure,  a  branch  being  supplied  to  each  anterior 
comu.  These  two  branches  lie  in  wide  spaces  hollowed  out  in  the  anterior 
commissure.    They  are  known  as  the  art  sulcO'Commissurales. 

In  the  lower  dorsal  and  upper  lumbar  regions,  and  more  particularly  opposite 
Clarke's  vesicular  columns,  branches  separate  from  the  above,  which  are  distributed 
to  Clarke's  columns  (art.  coluvinarum  Clarki). 

Short  branches  also  arise  from  the  same  stems  close  by  the  commissure,  which 
run  upwards  and  downwards  in  the  anterior  horns  of  gray  matter.  An  anastomosis 
takes  place  between  the  branches  of  both  sides  through  the  commissure. 

After  the  separation  of  the  above-named  branches,  the  art.  sulco-commissurales 
split  into  their  terminal  subdivisions  in  the  gray  matter.  Two  or  three  of  such  are 
to  be  seen,  one  going  to  the  anterior,  another  to  the  posterior  horn  ;  whilst,  if  there 
be  a  third  branch,  it  is  usually  distributed  to  the  part  of  the  gray  matter  inter- 
mediate between  the  two.  An  abundant  plexus  of  capillaries  is  furnished  from  these 
various  sources.  It  is  poorest  in  the  neighbourhood  of  the  commissure,  and  is 
entirely  wanting  round  the  central  canal. 

The  main  venous  stems  belonging  to  the  above  system  are  almost  identical  m 
distribution,  and  for  these  Adamkiewicz  adopts  very  much  the  same  nomenclature. 

The  above  is,  however,  only  one  system  of  blood  irrigation.  The  remainder  is 
constituted  by  the  plexus  of  arteries  and  veins  running  in  from  and  to  the  pia  mater, 
the  so-called  yasocorona.    The  vessels  of  this  system  are :  — 

(1)  Jlu  TJiarginal  Iranches  which  simply  dip  in  for  a  short  distance ;  and  (2) 
the  vessels  of  the  white  substance.  The  latter  pass  in  radially  for  a  greater  distance, 
but  not  as  far  as  the  gray  matter.  They  supply  branches  which  run  upwards  and 
downwards  in  a  longitudinal  direction  between  the  bundles  of  fibres.  One  of  these, 
the  arteria  fissuraSj  enters  the  posterior  fissure  distributing  branches  on  either  side. 
Its  branches  are  mostly  given  off  before  the  posterior  commissure  is  reached, 
although  a  few  are  distributed  to  it.     This  vessel  is  richer  in  offshoots  than  any 
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other  branch  of  the  vasocorona.  The  arteries  fissurm  finally  penetrate  the  posterior 
gray  horns,  and  splitting  into  numerous  capillaries,  nourish  the  gray  matter,  more 
especially  that  in  the  neighbourhood  of  Clarke's  columns. 

Important  branches  of  this  second  system  are  also  the  art.  itUer/uniculares 
piercing  between  GoU's  and  Burdach's  columns  and  supplying  them  with  offshoots. 
They  are  most  evident  in  the  cervical  swelling.  From  the  middle  of  the  dorsal 
region  downwards  their  place  is  taken  by  the  ordinary  vessels  of  the  corona. 

(3)  The  remaining  branches  of  the  coronal  series  are  those  which,  passing  radially 
through  the  white,  are  distributed  to  the  border  of  the  gray  matter.  They  irrigate 
the  border  zone  of  the  gray  matter. 


Brain  Pressure. 

905.  Definition. — By  this  is  meant  ilie  pressure  to  which  the  brain^ 
or  rather  tlie  entire  central  nervous  system^  is  subjected  by  the  subarachnoid 
fluid  and  that  of  the  ventricular  system. 

This  pressure  is  said  to  be  directly  increased  when  the  quantity  of 
subarachnoid  fluid  is  augmented,  indirectly  increased  when  the  intra- 
cephalic  space  is  diminished  (Falkenheim  and  Naunyn,  No.  104,  xxii. 
1887,  p.  292). 

Distribution  of  the  (Jerebro-Spincd  Liquid. 

There  appears  to  be  very  little  liquid  in  the  subdural  space ;  it  is 
even  alleged  that  the  arachnoid  lies  in  direct  contact  with  the  dura. 
The  cerebro-spinal  liquid  is  contained  mostly  in  the  subarachnoid 
space.  Communications  exist  between  this  space  and  the  ventricles 
through  the  foramen  of  Magendie  and  the  aperturse  laterales  ven- 
triculi  quarti  (Key  and  Retzius).  It  is  rare  to  find  a  hydrops  of 
the  subdural  space ;  the  liquid  usually  accumulates  in  the  subarach- 
noid. 

The  cerebro- spinal  liquid  also  communicates  with  the  venous 
lacunae  of  the  dura  through  the  Pacchionian  bodies  or  granulations ; 
and  by  other  less  well-known  paths  with  the  lymphatics  of  the  head, 
and  specially  with  those  of  the  nasal  mucous  membrane. 

A  free  communication  exists  between  the  cushion  of  liquid 
surrounding  the  spinal  cord  and  that  which  envelops  the  brain.  As 
showing  the  freedom  of  this  communication  Naunyn  and  Schreiber 
(No.  104,  xiv.  1881,  p.  4)  find  that,  when  a  cannula  is  inserted  into 
the  subarachnoid  space  of  the  posterior  spinal  region,  and  another  into 
the  subarachnoid  space  of  the  brain  through  a  trepan  opening  in  the 
skull,  pressure  applied  to  the  contents  of  the  skull  through  the 
corresponding  cannula  is  almost  immediately  transmitted  to  the  cannula 
within  the  spinal  canal  until  the  pressure  in  the  two  situations  is 
equalised.  Pressure  applied  in  the  opposite  direction,  that  is  to  say, 
from  below  upwards,  is  not  transmitted  so  rapidly. 
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The  Normal  Pressure  of  the  Cerebro-Spinal  Liquid. 

There  is  manifest  difficulty  in  ascertaining  this  in  Man.  Quincke 
(No.  208,  xxi.  p.  465),  however,  found  that  within  a  lumbar 
meningocele  in  a  child  eleven  weeks  old  it  came  up  to  4  mm.  Hg. 
(54  mm.  HgO);  and  in  a  four  months'  child  to  12  mm.  Hg.,  rising 
to  20  mm.  on  the  child  crpng.  Bergmann  (No.  523,  Lief  xxx.  p. 
293)  under  like  conditions  found  it  to  amount  to  15  mm.  Hg.  during 
narcosis,  and  22  mm.  when  the  child  was  crying. 


Vital  Phenomena  induced  hy  varying  the  Pressure, 

The  method  of  raising  the  brain  pressure  employed  by 
Naunyn  and  Schreiber  (/oc.  cU.)  was  that  of  injecting  \  per  cent 
salt  solution  into  the  subarachnoid  space.  With  various  modifica- 
tions it  is  the  means  generally  employed  for  the  piurpose. 

The  degree  of  pressure  is  estimated  either  by  passing  a 
manometer  up  to  the  base  of  the  skull  through  the  ligamentum 
occipito-atlantoideum,  or  by  using  an  apparatus  tightly  adjusted  to  a 
trepan  opening  in  the  vaiUt  of  the  skull.  The  pressure  must  reach 
a  certain  height  before  symptoms  begin  to  show  themselves.  This 
point  is  not  absolute,  but  is  dependent  upon  the  blood  pressure  within 
the  carotid.  In  no  case  is  the  rise  lasting  where  the  means  of  induc- 
ing it  are  suddenly  applied,  as  by  compression  of  the  channel  of  the 
aorta.  In  from  one  to  two  minutes  after  the  increase  has  been 
noticed  a  fall  occurs.  It  is  due  to  absorption  of  part  of  the  cerebro- 
spinal liquid. 

Pain  is  admittedly  the  first  result  of  an  elevation  of  pressure, 
and  supervenes  imder  a  comparatively  slight  increase,  that  is  to  say, 
when  the  pressure  is  raised  to  70-80  mm.  Hg.  With  a  greater 
pressure  it  disappears.  The  cause  of  the  pain  Naunyn  and  Schreiber 
ascribe  to  stretching  of  the  dura  mater  and  to  ansBmia  of  the  brain. 
This  is  important  as  probably  explaining  certain  forms  of  headache. 

Next  in  sequence  come  convulsions.  A  pressure  of  80-100 
mm.  Hg.  gives  rise  regularly  to  them.  They  are  most  likely  due  to 
anaemia  of  the  cerebral  motor  centres,  and  are  consequently  analogous 
to  those  seen  in  an  animal  bled  to  death.  They  occur  before  any 
slowing  of  the  pulse  is  noticeable. 

The  circulatory  phenomena  are  the  following :  All  observers 
are  agreed  that  an  elevation  of  brain  pressure  beyond  a  certain  point 
induces  a  retardation  of  the  pulse.  This  is  accounted  for  by  the 
stimulation  of  the  vagus  centre  in  the  medulla  oblongata.  The 
phenomenon  fails  when  the  vagi  are  divided.  More  especially  is  the 
slowing  of  the  pulse  noticed  when  the  pressure  is  severe  and  long 
continued.     A  pressure  even  of  200  mm.  Hg.,  however,  fails  to  induce 
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it  when  the  vagi  are  divided,  or  when  their  terminations  are  paralysed 
by  atropin  (Naimyn  and  Schreiber). 

Towards  the  exiius  letalis  the  pulse  increases  in  rapidity  owing  to 
the  vagus  centres  becoming  paralysed.  This  quick  pulse  is  usually  a 
sign  of  sinking. 

The  effect  of  increased  brain  pressure  upon  the  general  arterial  pressure  through- 
out the  body  is  thos  summarised  by  Schult^n  (No.  92,  xxxii.  1885,  p.  742).  His 
experiments  were  made  upon  dogs  and  rabbits : — 

(1)  So  long  as  the  brain  pressure  is  less  than  the  minimum  height  of  the  original 
blood  pressure,  and  what  Marey  calls  the  "  constant  pressure,"  it  does  not  exert  any 
appreciable  influence  upon  the  blood  pressure. 

(2)  If  the  brain  pressure  rises  above  the  minimal  blood  pressure  an  elevation  in 
the  blood  pressure  constantly  follows  ;  the  pulse  becomes  slow.  This  holds  good  for 
the  maximum  as  for  the  minimum  height  of  the  same. 

(3)  When  the  brain  pressure  again  falls  the  blood  pressure  also  falls,  but  when 
the  former  sinks  below  the  original  minimal,  the  latter,  after  a  minute  or  two, 
reaches  its  original  type  and  leveL 

(4)  When  the  amount  of  pressure  applied  to  the  brain  is  raised  much  above  the 
original  blood  pressure,  the  blood  pressure  in  turn  tends  as  a  rule  to  rise  above  that 
of  the  brain.  There  are  individual  idiosyncrasies  as  to  the  point  at  which  this 
occurs.  In  every  case,  however,  there  is  a  border  at  which  the  arterial  pressure  no 
longer  follows  that  of  the  brain.  He  explains  this  occurrence  by  the  influence 
exerted  by  the  vaso-motor  centre  in  the  medulla  oblongata  upon  the  blood  pressure 
generally.  Thus  when  the  brain  pressure  rises  to  such  a  point  that  the  blood 
stream  supplying  the  medulla  is  only  temporarily  interrupted,  the  vaso-motor  centre 
is  stimulated,  the  blood  pressure  rises,  and  the  medulla  oblongata  again  receives 
blood.  Therewith,  however,  the  cause  of  the  stimulation  ceases  and  the  blood 
pressure  again  sinks.  If  the  pressure  is  of  short  duration  only  a  single  wave  of 
elevation  is  noticed  ;  if  continuous,  a  series  of  waves.  Hence  an  undulating  blood 
pressure  curve  often  results.  Bergmann  and  Duret  accept  this  explanation.  The 
vaso-motor  centre  in  the  medulla  is  held  to  be  readily  excitable  through  ansemic  con- 
ditions. The  effects  of  antemia  of  its  substance  induced  by  capillary  embolism 
(lyoopodium  seeds,  ii^ection  of  oil  into  the  carotid)  or  ligature  of  the  vessels 
supplying  the  brain  bear  out  this  assertion. 

The  actual  state  of  the  vessels  under  increased  pressure  is 
difficult  to  observe  without  in  a  manner  vitiating  the  experiment 
Schult^n  (No.  92,  xxxii.  1885,  p.  461)  was  enabled  to  form  an  approxi- 
mate idea  of  their  condition  by  relative  observations  on  the  ophthalmic. 
He  inserted  the  cannula  of  a  mercury  manometer  into  the  vitreous, 
and  by  a  special  method  of  illumination  noticed  the  effect  of  increasing 
the  pressure  of  the  vitreous  through  the  mercury  of  the  U-shaped 
tube  of  the  manometer. 

K  the  pressure  within  the  vitreous  in  an  animal  is  below  90,  100, 
to  120  mm.  Hg.,  the  arteries  of  the  retina  and  choroid  show  little 
change.  When  the  pressure  comes  up  to  these  levels,  however,  the 
arterial  stream  becomes  intermittent  in  the  arteries,  while  that  in  the 
veins  is  unaltered,  although  they  become  finer.  An  addition  of  from 
10-20  mm.  Hg.  pressure  causes  the  pulsation  to  cease. 
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Reasoning  by  analogy,  we  may  say  that  in  all  probability  the  same 
influences  are  exercised  upon  the  vessels  of  the  brain  as  upon  those  of 
the  eyeball  when  the  pressure  of  the  cerebro- spinal  fluid  is  raised. 
This  seems  all  the  more  likely  from  the  fact  that  increase  of  the  brain 
pressure  causes  narrowing  and  anaemia  of  the  retinal  arteries.  Less 
blood  passes  through  the  arteries,  owing  to  the  manner  in  which  they 
are  compressed  on  all  sides. 

Where  the  brain  over-pressure  is  slight,  the  respiration  becomes 
irregular ;  where  it  rises  higher,  and  where  coma  has  supervened,  it 
is  deep  and  slow;  and  where  it  has  become  still  higher,  and  if  the 
retarded  or  vagus  pulse  comes  on,  it  is  irregular  and  at  times  ceases ; 
while,  when  the  vagus  paralysis  manifests  itself  by  the  acceleration  of 
the  pulse,  the  respirations  become  very  laboured  and  are  finally 
annulled.  With  weak  but  continuous  pressure  there  is  more  irregu- 
larity of  the  breathing  than  of  the  pulse,  and  the  breathing  becomes 
affected  before  the  pulse  phenomena  show  themselves. 

Loss  of  consciousness  supervenes  at  a  comparatively  early 
period,  and  if  the  over-pressure  is  continued  suflSciently  long  and  is  so 
powerful  as  to  call  forth  the  grand  phenomena,  it  sooner  or  later  always 
proves  fatal 

Anomalies  in  the  movements  of  the  pupils  are  also  met  with 
both  where  the  increase  of  pressiu-e  is  experimentally  induced  and 
where  it  is  the  result  say  of  meningitis.  In  Man  a  uni-  or  bi-lateral 
dilatation  of  the  pupil  occurs.  Naunyn  and  Schreiber  foimd  it  in 
animals,  but  there  never  was  any  difference  in  the  size  on  the  two 
sides.  When  any  difference  in  their  size  is  noticed  in  Man  it  may  be 
concluded  that  it  is  caused  by  the  local  influence  of  a  tumour  or 
inflammatory  effusion  upon  the  nerves  influencing  the  size  of  the  pupil 

Chemosis  or  cedema  of  the  conjunctiva  is  said  by  Leyden  to  be  a 
symptom  of  meningitis.  It  may  be  caused  by  the  elevated  brain 
pressure  forcing  out  an  increased  quantity  of  cerebro-spinal  fluid  into 
the  neighbouring  Ijnoaphatics.  A  similar  discharge  of  this  fluid  takes 
place  from  the  nose  of  the  dog  when  its  brain  pressure  is  increased. 
The  fluid  is  at  first  thick,  but  afterwards  becomes  thin  and  watery. 


Amou/nt  of  Pressure  which  jproves  Deleterious, 

It  may  be  said  that  a  pressure  of  30  mm.  Hg.  is  not  free  from 
danger,  and  that  the  higher  it  goes  the  greater  the  danger  becomes. 
Quincke  found  the  subarachnoid  pressure  in  a  child  suffering  from 
acute  hydrocephalus,  with  "choke -disc"  eye  phenomenon,  to  range 
between  30  and  40  mm.  Hg.  It  is  reckoned  that  the  grand  pheno- 
mena ensue  whenever  the  pressure  of  the  cerebro-spinal  fluid  comes  to 
equal  that  of  the  arteries. 

All  factors  which  occasion  an  increase  of  the  cerebro-spinal  fluid 
are  liable,  ceteris  paribus^  to  occasion  a  rise  of  brain  pressure.     Such  are 
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bydraemia,  and  acute  inflammatory  affections  such  as  meningitis.  The 
pressure  may  also  be  the  result  of  haemorrhage  into  the  basal  ganglia 
or  intra-membranous  spaces.  It  is  often  caused  by  the  presence  of 
tumours. 

Aduci  Cause  of  the  Phenomena. 

Almost  all  the  phenomena  can  be  traced  ultimately  to  anaemia  of 
the  organ.  In  the  case  of  tumours,  as  Adamkiewicz  (No.  541  and 
elsewhere)  points  out,  the  direct  cause  of  the  pressure  and  anaemia 
need  not  necessarily  be  the  tumour  itself,  which  is  sometimes  small, 
but  may  be  the  enlargement  of  the  hemisphere,  which  usually  accom- 
panies all  brain  tumours  (see  p.  577). 

It  ought  to  be  remembered  that  the  third  ventricle  lies  immedi- 
ately above  the  optic  chiasma.  The  lamina  cinerea  alone  is  inter- 
posed, and  this  is  so  thin  that  practically  the  chiasma  may  be  said 
to  constitute  the  main  part  of  the  ventricular  floor.  In  conditions 
where  liquid  accumulates  in  the  ventricle,  the  compression  of  the 
chiasma  and  adjacent  parts  is  so  great  that  the  lamina  disappears  and 
the  chiasma  becomes  flattened  out.  The  position  of  parts  is  such  that 
in  the  upright  state  of  the  body  the  compression  will  be  greatest. 
Various  anomalies  of  vision  and  morbid  states  of  the  optic  nerve  may 
thus  be  accounted  for. 


iTidicaiions  for  Treatment, 

Seeing  that  anaemia  is  the  cause  of  the  phenomena,  Naunyn  and 
Schreiber  condemn  venesection  as  adding  to  the  evil,  and  extol 
everything  which  tends  to  raise  the  blood  pressiu'e.  It  is  question- 
able whether  this  advice  is  foimded  upon  strictly  logical  reasoning. 
Bergmann,  on  the  contrary,  recommends  venesection  on  the  ground 
thab  all  increase  of  pressure  within  the  arteries  increases  the  amount 
of  compression  to  which  the  brain  is  subjected,  and  so  renders  still 
more  difficult  the  already  trammelled  capillaiy  circulation.  The 
previous  authors,  however,  hold  that  this  is  an  erroneous  argument. 

Literature  on  Brain  Pressure, — ^v.  Berafmann  (Brain  Pressure) :  Arch.  f.  klin. 
Chir.,  xxxii.  1886,  p.  705.  Duret :  Etudes  exp^r.  et  clin.  siu*  les  traumatismes 
cerebraux,  1878.  r  alkenheim  and  Namnm  (Brain  Pressure) :  Arch.  f.  exper.  Path. 
u.  Phai-makol.,  xxii.  1886-87,  p.  261.  Jolly :  Untersuchungen  iib.  d.  Gehimdruck, 
1871.  Lewy  (Regulation  of  Circulation  in  Brain) :  Arch.  f.  path.  Anat,  cxxii.  1890, 
p.  146.  Leyden  (Brain  Pressure  and  Brain  Movement):  Arch.  f.  path.  Anat, 
xxxviL  1866,  p.  619.  Mayer  (Effect  of  Li^ture  of  Carotids  and  Blood  Pressure) : 
Sitzungsberichte  d.  k.  k.  Akad.,  Wien.,  Ixxiii.  iii.  r>.  85.  Naunyn  and  Schreiber 
(Brain  Pressure) :  Arch.  f.  exp.  Path.  u.  Pharmaicol.,  xiv.  1881,  p.  1.  Pag^en- 
stecher:  Experimente  u.  Studien  iib.  d.  Gehimdruck,  1871.  Rosenbach  and 
Schtscherbak  (Effects  of  Compression) :  Arch.  f.  path.  Anat.,  cxxii.  1890,  p.  56. 
Schmaus  (Concussion):  Arch.  f.  nath.  Anat,  cxxii.  1890«  p.  326.  Spencer  and 
Horsley  (Circulation  and  Increasea  Intra-Cranial  Pressure) :  Proc.  Roy.  Soc.  Lend., 
xlviii.  1890,  p.  278. 
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Variations  in  the  Volume  of  the  Brain. 

906.  The  foregoing  observations  relate  to  the  effects  of  increased 
pressure  from  the  cerebro-spinal  fluid  upon  the  brain  substance.  The 
experiments  of  Roy  and  Sherrington  (No.  179,  xi  1890,  p.  89)  made 
on  dogs  were  designed  to  test  the  effects  of  different  agents  upon  the 
volume  of  the  brain  itself,  quite  irrespective  of  the  influence  of  the 
cerebro-spinal  fluid.  Through  a  trepan  hole  a  recording  piston  was 
brought  in  contact  with  the  cerebral  hemisphere,  while  the  cerebro- 
spinal fluid  was  allowed  to  escape  at  the  sides  of  the  aperture.  The 
results,  therefore,  correspond  to  the  variations  of  vertical  thickness  of 
the  cerebral  hemisphere  irrespective  of  the  influence  of  the  cerebro- 
spinal liquid.  It  must  be  borne  in  mind  consequently  that  the 
conditions  are  not  exactly  uncomplicated,  and  that  the  absence  of  the 
incompressible  cushion  of  cerebro-spinal  liquid  may  to  a  certain  extent 
have  modified  the  effects  of  the  agents  applied.  Their  main  conclu- 
sions, however,  are  the  following : — 

(1)  That  stimulation  by  induced  currents  of  the  uncut  or  of  the  centra]  end  of 
the  cut  sciatic  always  produces  expansion  of  the  brain.  The  expansion  lasts  a  varying 
number  of  seconds  after  the  stimulus  has  ceased.  The  volume  of  the  brain  then 
returns  to  what  it  was  before  the  application  of  the  stimulus.  Stimulation  of  any 
other  sensory  nerve  induces  like  results.  The  expansion  is  probably  due  to  the 
general  rise  in  arterial  pressure  caused  by  the  application  of  the  stimulus. 

(2)  Closure  of  both  carotids  causes  great  shrinking  in  the  volume  of  the  brain 
from  lowering  of  the  blood  pressure.  Lowering  of  the  arterial  pressure  from 
haemorrhage  or  other  cause  has  a  like  effect. 

(3)  Asphyxia  induces  active  expansion  of  the  cerebral  vessels  in  addition  to  the 
passive  distension  which  results  from  the  rise  of  the  arterial  and,  in  certain  instances, 
of  the  venous  pressure. 

(4)  The  blood  supply  of  the  brain  varies  directly  with  the  blood  pressure  in  the 
systemic  arteries. 

(5)  There  is  no  reason  for  believing  that  vaso-motor  nerves  for  the  brain  are  to  be 
found  in  the  nerves  of  the  neck.  There  is  no  evidence  of  their  existence  outside 
the  cerebro-spinal  canal.  Nor  do  they  admit  that  vaso-motor  nerves  for  the  brain 
are  to  be  found  in  the  medulla  or  in  the  spinal  cord.  Direct  stimulation  of  the 
medulla  and  cervical  cord  resulted  only  in  passive  arterial  congestion. 

(6)  The  regulation  of  the  cerebral  circulation  is  the  result  of  three  factoi-s — (a)  the 
general  arterial  pressure  of  the  body  ;  {b)  the  general  venous  pressure  ;  and  (c)  the 
presence  or  absence  of  chemical  products  of  cerebral  metabolism  contained  in  the 
lymph  which  bathes  the  walls  of  the  arterioles  of  the  brain.  Tlie  last  of  these,  they 
think,  may  sometimes  act  locally  on  one  particular  part,  bringing  about  different 
degrees  of  cerebral  activity. 


Chemical  Eeaction  of  the  Brain  in  Relation  to  Volume. 

907.  Langendorf  states  that  the  gray  and  white  parts  of  the 
brain  are  normally  alkaline,  but  that  a  portion  of  brain  becomes  acid 
even  a  few  minutes  after  excision.     So  long  as  the  alkaline  blood 
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is  freely  supplied  to  the  part  the  reaction  remains  alkaline,  but  as 
soon  as  this  fails  an  acid  (lactic  ?)  resulting  from  the  metabolism  of  the 
tissue  makes  its  appearance  and  alters  the  reaction.  The  same  results 
follow  when  the  brain  is  rendered  anaemic  by  ligaturing  both  carotids, 
and  the  acid  reaction  graduaUy  disappears  on  reopening  the  carotids 
and  allowing  the  blood  supply  to  return. 

Roy  and  Sherrington  (No.  179,  xi  1890,  p.  98),  by  introducing 
comparatively  small  doses  of  an  acid  into  a  vein,  were  able  to  increase 
the  volume  of  the  brain,  owing  to  the  expansion  of  the  cerebral  vessels 
thereby  induced. 


Effects  of  Increased  Atmospheric  Pressure  on  the 
Spinal  Cord. 

908.  Spinal  cord  lesions  have  been  reported  by  Schultze  (No.  13, 
Ixxix.  1880,  p.  124)  and  Leyden  (see  Schultze's  paper)  as  occurring  in 
individuals  subjected  to  sudden  variations  of  atmospheric  pressure,  as 
in  those  working  in  diving-bells,  etc.  Schultze,  in  one  case,  found 
distinct  degeneration,  and  what  he  holds  to  be  indications  of  myelitis, 
while  Leyden  mentions  small  ruptures  of  the  spinal  medulla.  The 
theory  is  that  differences  in  barometric  pressure  cause  a  distension  of 
the  blood-vessels  of  the  cord,  a  condition  which  acts  deleteriously 
upon  the  surroimding  nervous  matter. 


Concussion. 

909.  The  beautiful  experiments  of  Duret  (No.  542)  were  perhaps 
the  first  to  place  the  pathology  of  concussion  upon  a  sound  basis. 
Briefly  summarised,  the  results  accruing  from  these  experiments  may 
be  stated  as  follows :  When  a  blow  is  inflicted  upon  the  skuU,  the 
bone,  which  is  pliable,  becomes  momentarily  depressed  and  a  wave 
of  cerebro-spinal  liquid  passes  over  the  brain.  Not  only  does  it  pass 
over  the  surface,  but  the  wave  also  affects  the  liquid  within  the 
ventricles,  whereby  it  is  driven  out  through  the  aqueduct  of  Sylvius 
and  fourth  ventricle  down  upon  the  spinal  cord.  The  energy  of  the 
blow  expends  itself  through  the  instrumentality  of  the  cerebro-spinal 
liquid  upon  the  elastic  ligaments  of  the  spinal  cord.  The  force  with 
which  the  liquid  is  driven  downwards  stretches  the  parts  injuriously 
in  the  neighbourhood  of  the  aqueduct,  and  small  haemorrhages  result. 
Vascular  spasm  and  anaemia  of  the  brain  result,  with  all  the  evils 
attending  the  latter  condition,  including  temporary  loss  of  conscious- 
ness. 

In  Man,  minute  haemorrhages  in  the  above-mentioned  situations 
are  among  the  commonest  of  occurrences  in  fatal  concussion. 

Along  with  these,  punctiform  haemorrhage  with  laceration  of  the 
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brain  substance  is  often  found  at  a  point  of  the  skull  opposite  to 
that  of  impact.  They  are  the  result  of  what  is  usually  known  as 
corUre-coup. 

General  Literature  on  Physiology  of  Nervous  System. 

Bannsky  and  Lehmaim  (Function  of  Caudate  Nucleus) :  Arch.  f.  path.  Anat., 
cvi.  1886,  p.  258.  Bechterew  (Explanation  of  Phenomena  after  Ii^ury  of  Motor 
Area) :  Arch,  t  d.  ges.  PhysioL,  xxxv.  1884,  p.  137  ;  also  (Function  of  derebellum), 
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CHAPTER  LXXIX 

THE  NERVOUS  SYSTEU— (Continued) 

ANiEMIA  AND   HvPERiEMIA   OF  THE   CENTRAL  NERVOUS   SYSTEM. 

910.  Definition. — By  cerebral  anaemia  is  commonly  understood  a 
condition  in  which  the  amount  of  blood  passing  through  the  organ  is  lessened. 

The  encephaKc  ca\dty  being  filled  and  its  contents  practically 
incompressible,  it  is  evident  that  anaemia  and  hyperaemia  of  the  brain 
must  of  necessity  be  dependent  upon  a  disturbance  in  the  balance 
struck  by  the  blood  pressure  on  the  one  hand  and  the  pressure  of  the 
cerebro-spinal  liquid  on  the  other. 

Appearances  of  anaemia  and  congestion  found  after  death  must 
always  be  interpreted  with  care.  In  illustration  of  the  necessity  for 
this  the  condition  of  the  brain  in  convulsions  may  be  cited.  Thus  if 
the  individual  die  during  a  powerful  convulsion  the  brain  may  be 
found  blanched ;  while  if  death  supervene  some  time  after  the  con- 
vulsive attack  is  over,  a  state  of  extreme  hyperaemia  is  just  as  likely  to 
be  met  with.  To  reason  as  to  the  state  of  the  brain  in  con\nilsions 
from  either  of  these  data  alone  would  accordingly  be  misleading. 

The  phenomena  of  disturbed  cerebral  circulation  being  vital,  they 
must  in  great  part  be  studied  by  experimental  methods.  Several  of 
the  most  important  results  bearing  on  the  subject,  and  obtained  by 
this  means,  will  be  found  under  Brain  Pressure  (Sect  905). 

Local  anaemia  is  usually  the  result  of  mechanical  obstruction. 
Its  effects  are  discussed  under  Cerebral  Embolism,  There  is  a  possibility 
that  spasm  of  a  single  vessel  may  prevail  to  such  a  degree  as  to  cause 
a  complete  obstruction.  Cases  of  aphasia  without  evident  lesion  seem 
explicable  alone  on  this  basis  (see  Aphasia), 

Apoplexy. 
(aTToirATy^ta,  from  aTroirkrjaxrofjLai,  to  strike  with  amazement,) 

911.  Definition. — ^The  term  is  employed  in  two  senses :  (1)  either 
as  indicative  of  a  hasnwrrhage  into  the  brain  or  spinal  cord ;  or  (2)  as 
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referring  to  the  symptoms  which  follow  upon  such  a  hanwrrhage.  In  the 
sense  merely  of  a  haemorrhage  the  term  is  often  applied  to  an  efiusion 
of  blood  not  merely  into  the  central  nervous  system,  but  into  other 
organs  like  the  lung  or  spleen.  At  present  the  term  will  be  used 
simply  in  the  sense  of  indicating  a  haemorrhage  without  reference  to 
the  symptoms  induced  by  it 


Varieties  and  General  Causes, 

The  effused  blood  may  be  foimd  in  the  following  situations  : — 

(1)  Between  the  dura  mater  and  the  bone. 

(2)  In  the  subdural  space. 

(3)  In  the  subarachnoid  space. 

(4)  In  the  brain  itself. 

(5)  In  the  ventricles  and  central  canal. 

In  any  of  the  first  three  varieties  the  cause  is  usually  trau- 
matic; the  latter  two  may  be  traumatic,  but  are  more  frequently 
caused  by  rupture  of  a  vessel  from  disease  of  its  coats. 

It  must  be  remembered,  however,  that  a  haemorrhage,  say  into  the 
ventricles,  and  primarily  due  to  disease  of  the  vessels,  may  rupture 
through  the  brain  substance,  and  find  its  way  into  the  subarachnoid,  or 
even  into  the  subdural  space. 

The  commonest  cause  of  traumatic  haemorrhage  is  laceration  of  a 
meningeal  artery,  more  particularly  of  the  middle  meningeal,  associated 
with  a  fracture  of  the  base  of  the  skull.  The  blood  is  usually  poured 
into  the  subdural  space,  and  lies  oftenest  over  the  motor  area  of  the 
cerebral  hemisphere.  It  is  often  circumscribed  in  a  saucer-shaped 
mass  exactly  over  the  fissure  of  Rolando  and  its  vicinity.  The  blood 
does  not  tend  to  diflftise,  probably  owing  to  there  being  little  if  any 
liquid  between  the  dura  and  arachnoid.  When  the  haemorrhage  takes 
place  beneath  the  arachnoid,  from  traumatic  causes,  it  is  as  a  rule 
associated  with  laceration  of  the  neighbouring  brain  substance.  The 
actual  injury  is  caused  mostly  by  contre-coup, 

Punetiform  hmnorrhages  into  the  pia  are  seen  in  so-called  blood 
disease,  such  as  pernicious  anaemia,  purpura,  typhoid,  etc. 

Cerebral  haemorrhage,  as  above  mentioned,  is  usually  a  result 
of  disease  of  the  vessels — atheroma,  miliary  aneurism,  simple  fatty  de- 
generation. The  conmionest  site  is  undoubtedly  the  basal  ganglia.  It 
will  be  remembered  that  the  basal  ganglia  are  supplied  by  the  perforating 
branches  given  off  from  the  main  stems  of  the  circle  of  Willis  (Sect. 
903).  Those  derived  from  the  middle  cerebral  are  most  conmionly 
implicated  in  basal  ganglion  haemorrhage.  They  are  of  two  orders, 
external  and  internal.  The  exteimal  are  the  larger,  and  there  is  always 
one  of  considerable  size  which  runs  along  the  base  of  the  lenticular 
nucleus.     If  the  parts  lying  external  to  the  lenticular  nucleus  are 
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carefully  removed  this  artery  is  exposed.  It  is  known  as  the 
lenticulo-striate  artery,  and  its  branches  of  distribution  supply 
the  anterior  two-thirds  of  the  outer  segment  of  the  lenticular  nucleus. 
The  other  external  branches  are  distributed  to  the  posterior  extremity 
of  the  lenticular  nucleus.  They  are  known  as  the  lenticulo-optic. 
The  internal  perforating  branches  supply  the  inner  and  middle  segments 
of  the  lenticular  nucleus,  and  are  named  the  lenticular  arteries. 

It  is  from  these  various  branches,  and,  according  to  Charcot  (No. 
543,  p.  80),  from  the  lenticulo-striate  artery  in  particular,  that  the 
blood  issues  in  basal  ganglion  haemorrhage.  From  the  fact  that  they 
lie  deeply,  the  blood  tends  to  lacerate  the  important  parts  in  the 
neighbourhood.  Hence  the  serious,  it  may  almost  be  said  irremediable, 
nature  of  the  injury,  for  although,  possibly,  more  or  less  complete 
recovery  might  take  place  were  the  gray  matter  alone  destroyed,  yet 
the  fact  of  the  inner  capsule  lying  so  close  to  the  gray  masses  renders 
its  injury  almost  certain  when  the  haemorrhage  is  at  all  extensive,  and 
the  damage  consequently  irreparable. 

The  blood,  having  torn  up  the  basal  masses  of  gray  matter,  tends  to 
make  its  way  into  the  lateral  ventricle,  and,  if  copious,  not  only  may  it 
be  poured  into  one  lateral  ventricle,  but  the  entire  ventricular  system, 
down  even  as  far  as  the  fourth  ventricle,  may  be  filled  to  distension. 
In  all  such  copious  haemorrhages,  either  into  the  ventricles  or  between 
the  membranes,  the  brain  is  peculiarly  anaemic.  This  does  not  appear 
to  be  a, post-mortem  appearance;  it  is  evidently  due  to  the  pressure  exerted 
by  the  mass  of  effused  blood  upon  the  intracranial  vessels.  The  deep 
coma  which  follows  upon  such  a  copious  haemorrhage  still  further  bears 
out  the  supposition  that  the  vessels  are  in  a  state  of  anaemia  from 
compression. 

It  ought  to  be  remembered,  however,  as  Schult^n  (No.  96,  xxxii. 
1885,  p.  742)  remarks,  that  as  a  matter  of  fact  no  case  of  "  choke-disc,"  a 
condition  so  often  associated  with  intracranial  over-pressure,  has  been 
recorded  in  connection  with  depression  of  the  skull  or  extravasation  of 
blood  between  the  dura  and  bone.  The  same  holds  good  of  localised 
haemorrhages.  The  retinal  circulation  is  little  affected  in  ordinary 
cerebral  apoplexy.  Should  the  blood,  however,  be  poured  into  the 
subdural  or  subarachnoid  space,  especially  at  the  base,  blood  and 
serum  find  their  way  into  the  sheath  of  the  optic  nerve  and  com- 
press the  vessels ;  "  choke-disc "  under  such  circumstances  may  be 
detected. 

Haemorrhage  into  the  cerebellum  is  peculiarly  fatal.  The 
individual  affected  by  it  seldom  lives  more  than  six  hours,  probably 
from  the  pressure  exerted  by  the  swollen  hemisphere  upon  the  fourth 
ventricle.  It  may  occiu*  in  young  people,  particularly  in  young  women, 
and  is  due  to  a  simple  fatty  degeneration  of  the  small  arteries  and 
their  capillaries. 

Spurious  Apoplexy. — It  is  worthy  of  note,  however,  that  a 
person  may  die  with  all  the  signs  and  symptoms  of  a  massive  intra- 
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cranial  haemorrhage  without  a  particle  of  blood  having  been  effused. 
There  are  several  such  cases  on  record  (e.g.  Ross,  No.  521,  ix.  1887, 
p.  41),  and  curiously  there  is  sometimes  nothing  to  account  for  the 
fatal  issue. 

Haemorrhage  into  the  medulla  oblongata  or  pons  is 
usually  rapidly  fatal,  from  interference  with  the  important  centres  in 
their  locality. 

Haemorrhage  into  the  spinal  cord  seldom  takes  place  in 
mass  as  a  result  of  disease.  Small  haemorrhages,  however,  occur  in 
cases  where  there  is  hypersemia.  They  lie  mostly  in  the  vicinity  of 
the  primary  divisions  of  the  arteries  of  the  anterior  fissure.  The 
spinal  arteries  do  not  often  become  atheromatous,  hence  perhaps  the 
fact  of  spinal  apoplexy  being  rare.  As  a  result  of  injury,  such  as 
fracture  of  the  spine  and  so  forth,  apoplexies  of  the  cord  are  often  met 
with.  AfVhether  concussion  of  the  spine  can  occasion  them  may  be 
doubted. 

Changes  in  the  Part  after  the  Blood  is  effused. 

The  blood  when  effused  in  a  massive  haemorrhage  appears  to 
coagulate  rapidly,  and  when  cut  into  is  seen  lying  in  the  lacerated 
brain  substance  in  the  form  of  a  black  mass.  Round  about  it  there 
may  be  some  minor  punctiform  haemorrhages,  and  some  of  the  blood- 
colouring  matter  may  be  seen  exuding  into  and  discolouring  the  neigh- 
bouring pia  mater. 

Floated  in  water,  the  miliary  aneurism,  which  has  probably  been  the 
cause  of  the  extravasation,  will  come  into  view.  These  aneurisms  are 
sometimes  very  niunerous  and  scattered  through  the  brain  substance. 
A  larger  aneurism  is  seen  occasionally  on  the  vessels  at  the  base  of 
the  brain. 

As  in  other  localities,  the  blood  soon  begins  to  be  absorbed,  and 
the  process  of  repair  sets  in.  The  serum  is  first  of  all  removed  from 
the  clot,  and  the  siurounding  tissues  become  stained  with  it  while  this 
is  going  on.  The  broken-down  tissues  mixed  with  the  remains  of  the 
clot  now  constitute  a  brown  chocolate-like  mass,  which  is  more  or  less 
encapsuled.  The  wall  of  the  capsule  becomes  fibrous  later  on,  and  the 
remains  of  the  blood  are  entirely  got  rid  of,  with  the  exception 
of  quantities  of  haematoidin  either  in  a  crystalline  or  granular  form. 
This  pigment  gives  to  the  interior  of  these  cavities  an  orange-yellow 
colour,  which  is  particularly  diagnostic  The  cavity  becomes  filled 
with  more  or  less  serum-like  fluid  as  the  blood  mass  is  removed. 
Sometimes  these  cystic  cavities  continue  for  the  remainder  of  the 
patient's  life;  at  other  times  the  vacuity  cicatrises  and  contracts. 
The  reparative  process,  ending  in  the  formation  of  the  cyst -like 
structure,  usually  sets  in  about  the  end  of  the  first  week ;  the  cyst 
is  circumscribed  by  about  the  twentieth  day ;  and  the  lining  mem- 
brane is  thoroughly  organised  by  from  the  thirtieth  to  the  fortieth 
day. 
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PART  IV 


HEMATOMA   OF   DURA   MaTER. 

912.  Syn. — Pachymeniii^tis  hmnorrliagica  inteima  ;  Ndomembranes  de 
Varachnoide, 

These  terms  are  applied  to  a  lesion  whose  pathology  was  and  still 
is  in  some  doubt.  It  consists  in  the  development  between  the  dura 
mater  and  arachnoid,  that  is  to  say,  in  the  subdural  space,  of  a  thin 
membranous  cyst  containing  remains  of  blood.  The  cyst  is  usually 
very  large,  may  cover  an  entire  cerebral  hemisphere,  and  is  applied 


Fio.  428.— HiCMATOMA  OF  DuRA  Mater  showing  thk  Ctst  lying  ovbr 
Surface  of  Brain. 


flatly  to  the  cerebral  surface.  The  wall,  in  typical  cases,  is  almost 
as  thin  as  the  arachnoid  itself,  and  forms  either  a  single  sac  or  one 
which  is  imperfectly  multilocular.  The  cyst  is  loosely  adherent  to  the 
interior  of  the  dura  mater  and  to  the  arachnoid,  but  the  adhesions 
are  such  as  to  allow  of  its  being  readily  stripped  off.  Blood-vessels 
pass  from  the  dura  mater  into  those  of  the  cyst-wall,  and  as  showing 
the  continuity  of  their  channels,  blood  can  be  squeezed  with  the  finger 
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from  the  one  into  the  other.  The  membranous  sac,  when  small,  lies 
along  the  middle  meningeal  artery,  whose  channel  is  often  wide. 
Small  deposits  of  lime  salts  are  occasionally  found  in  the  wall. 

The  contents,  as  a  rule,  are  thick  brown-coloured  liquid  containing 
numerous  cells,  of  roimd,  oval,  or  spindle  shape,  often  arranged  in 
groups,  with,  in  recent  cases,  the  remains  of  blood-corpuscles.  The 
nuclei  of  these  cells  are  prominent ;  they  are  often  from  two  to  four  in 
number.  The  contents  have  been  found  by  Ormerod  (No.  192, 
xxxviiL  1887,  p.  13)  to  be  gelatinous  at  one  part,  haemorrhagic  at 
another.  In  many  cases  the  dura  is  quite  unchanged,  but,  rarely,  the 
cyst  is  continuously  adherent  to  its  internal  surface.  In  such  cases  it 
is  of  irregular  form,  while  its  wall  is  thicker  and  coarser  in  texture  and 
is  laminated.  The  brain  presents  a  saucer-like  depression  where  the 
cyst  has  pressed  upon  it,  which  does  not  vanish  on  removal  of  the 
organ  from  the  skuU.     The  brain  otherwise  may  appear  to  be  healthy. 

The  disease  is  of  very  common  occunence  in  asylums  for  the  insane, 
to  which  probably  the  subjects  of  the  disease  gravitate,  on  account  of 
the  symptoms  from  which  they  suffer.  It  has  been  found  oftener  in 
General  Paraiym  of  the  Insane  than  in  any  other  variety  of  mental  ail- 
ment. Indeed,  Wiglesworth  says  it  is  commoner  in  General  Paralysis 
of  the  Insane  than  in  all  other  forms  of  insanity  put  together.  Out  of 
four  hundred  unselected  autopsies  in  Eainhill  Asylum  he  found  forty- 
two,  or  10*5  per  cent,  in  which  the  subdural  space  contained  blood, 
membrane,  or  both. 

It  is  a  disease  mostly  of  adult  life,  but  may  present  itself  in 
children.  Wiglesworth  found  the  average  age  in  Asylum  patients  to 
be  5107  years. 

The  sjrmptoms  vary  so  much  and  come  on,  as  a  rule,  so  insidi- 
ously that  there  are  few  features  whereby  the  presence  of  the  cyst  can 
be  established.  Stewart  found  dmble  optic  neuntis  even  when  the  sac 
covered  the  left  hemisphere  only. 

Nature  of  the  Disease. — Every  one  admits  that  haemorrhage 
plays  an  important  rdle  in  the  disease,  but  where  the  blood  comes 
from,  and  whether  the  haemorrhage  is  primary  or  is  secondary  to  a 
pachymeningitis,  have  long  been  disputed  points. 

Thus  Virchow  and  Hesohl  (No.  119,  vii.  1866)  were  of  opinion  that  the  hsemor- 
rhage  is  secondary  to  the  formation  of  membranes ;  that,  in  fact,  the  disease  is 
essentially  a  hamorrhagic  pachymeningitis. 

Kremiansky  (No.  13,  xlii.  1868,  p.  129),  as  a  result  of  extensive  observation,  took 
the  view  that  the  membranes  may  be  formed  before  or  after  the  hsemorrhage,  but 
that  in  all  cases  they  are  of  inflammatory  origin. 

Clouston  (No.  544)  and  Wiglesworth  (No.  526,  Jan.  1888,  also 
Reprint),  on  the  other  hand,  both  discard  the  idea  of  the  condition 
being  primarily  of  an  inflammatory  nature.  Wiglesworth  holds  that 
the  disease  commences  as  a  hsemorrhage,  and  that  the  blood  becomes 
organised  and  converted  into  membranes. 


606  THE  NERVOUS  SYSTEM  part  iv 

With  this  view  the  author  coincides,  without  denying  that  a 
haemorrhage  may  result  from  a  pachymeningitis  and  diffuse  itself  in 
the  subdural  space.  In  a  case  which  lately  came  imder  his  notice  he 
was  enabled  to  trace  the  very  commencement  of  the  disease.  A  thin 
film  of  blood  with  shaiply-defined  borders  lay  over  an  entire  cerebral 
hemisphere  in  the  subdural  space.  The  blood  was  firmly  coagulated, 
so  that  it  could  be  stripped  off"  in  a  continuous  layer.  There  was  no 
traumatism  to  account  for  it,  nor  could  the  soiurce  of  the  haemorrhage 
be  detected.  It  looked  as  if  the  blood  had  oozed  out  from  a 
neighbouring  vein.  The  blood  is  evidently  not  absorbed,  but  in  course 
of  time  becomes  encapsuled  with  fibrous  tissue.  The  membranes  in 
this  case  appeared  to  be  quite  healthy. 

In  the  Cord, — Similar  membranes  are  occasionally  present  in  the 
spinal  canal.  They  are  generally  less  haemorrhagic  and  more  fibrinous 
than  those  within  the  skull  (see  Wiglesworth  and  Smith,  No.  6,  1889, 
ii.  pp.  644,  645). 

Literature  on  HsemcUoma  of  Ihcra  Mater, — Dercum  and  Morey :  Univ.  M. 
Mag.,  Phila.,  1889-90,  ii.  p.  509.  Discussion  on  Fibrinons  Membranes  within 
Sp.  Canal  in  Gen.  Paralysis:  Brit  Med.  Journ.,  1889,  ii.  p.  644.  Dixon :  N.  Y. 
Med.  Rec.,  xxvi.  1884,  p.  670.  Kremiansky :  Arch.  f.  path.  Anat,  xlii 
1868,  p.  129.  Goodall:  Joum.  Ment.  Sc.,  xxxviii.  1892,  p.  397.  Ogle 
(Formation  of  False  Membranes) :  Arch.  Med.  Lond.,  i.  1857-59,  p.  270  ;  ii.  1860- 
61,  p.  85.  Ormerod:  Trans.  Path.  Soc.  Lond.,  xxxviiL  1887,  p.  13.  Sunsbmy 
(Heematoma  of  Dura  Mater):  Trans.  Path.  Soc.  Lond.,  xxxviii.  1887,  p.  12, 
Schutx^g:  Arch.  f.  path.  Anat.,  xvi.  1859,  p.  464;  Ibid.,  xx.  1861,  p.  301. 
Turner:  Trans.  Path.  Soc.  Lond.,  xxxvi.  1884-86,  p.  16.  Virchow:  Verhandl.  d. 
med. -physic  Gesellsch.  zu  Wiirzburg,  vii.  1856.  Wiglesworth  (Prize  Essay) : 
Joum.  Ment.  Science,  Jan.  1888  ;  aSo,  Reprint ;  also,  Americ.  Joum.  of  Insanity, 
Jan,  1891.    Wythe :  Am.  Lancet,  x.  1886,  p.  368. 


Encephalic  Embousm. 

913.  The  general  features  of  cerebral  embolism  have  already  been 
given  in  Section  600.  It  now  remains  to  describe  these  in  further 
detail. 

Nature  of  Embolus. — It  is  usually  a  vegetation  or  clot  detached 
from  the  heart,  or,  it  may  be,  a  calcareous  scale  from  the  aorta.  The 
middle  cerebral,  from  its  immediate  connection  with  the  internal 
carotid,  is  the  vessel  in  which  it  most  often  catches,  but  it  may  be 
found  occasionally  in  the  other  primary  branches  of  the  circle  of  Willis. 
The  effect  produced  depends  accordingly  upon  the  distribution  of  the 
respective  vessels.  The  left  middle  cerebral  is  oftener  embolic  than 
the  right,  owing,  it  is  said,  to  the  left  carotid  coming  off  more  directly 
from  the  aorta  than  the  right. 

Site  and  Effect  on  Vessel. — The  embolus  usually  catches  in 
the  middle  cerebral  either  before  or  shortly  after  it  diverges  into  the 
Sylvian  fossa ;  the  exact  point  corresponds  to  the  bulk  of  the  foreign 
body.  It  becomes  firmly  impacted  within  the  artery,  and  by  subse- 
quent clotting  of  the  blood  aroimd  it  the  occlusion  of  the  vessel  is 
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rendered  complete.  The  thrombus  thus  precipitated  round  the 
embolus  may  extend  for  some  distance  at  the  distal  end.  Later  on, 
both  the  thrombus  and  embolus  are  absorbed,  and  pan  passu  with  their 
removal  the  inner  coat  thickens  and  encroaches  upon  the  lumen  of  the 
vessel  to  such  an  extent  that  in  course  of  time  a  complete  occlusion 
follows.  When  once  thoroughly  plugged,  the  artery  never  seems  to 
regain  its  patency.  The  appearance  presented  by  an  artery  a  few 
months  after  having  been  the  subject  of  embolic  impact  is  practically 
identical  with  that  of  a  vessel  the  subject  of  arteriitis  obliterans ;  the 
condition  is  sometimes  mistaken  for  syphilitic. 

Effect  on  Brain. — It  is  generally  recognised  that,  after  impac- 
tion, the  part  supplied  by  the  occluded  vessel  becomes  pale  and  ansemic. 
The  cause  of  this  probably  is  that  the  vis  a  tergo  of  the  circulating  blood 
is  for  the  time  being  withdrawn.  Should  the  affected  area  be  irrigated 
by  vessels  which  anastomose  with  those  around,  the  blood  probably 
returns  shortly  after  the  natural  supply  is  withdrawn.  If,  however,  it 
is  traversed  by  vessels  which  are  terminal,  as  in  the  case  of  the  basal 
ganglia  and  inner  capsule,  the  blood  remaining  in  the  vessels  may 
be  pressed  out  by  the  collateral  distension  which  occurs  in  arteries 
still  pervious.  Geigel  (No.  13,  cxxi.  1890,  p.  432)  considers  that 
the  anssmia  thus  induced  is  the  cause  of  the  embolic  shocks  the  more  or 
less  complete  loss  of  consciousness,  and  the  other  signs  of  disturbance 
of  nutrition. 

A  coagulative  necrosis  usually  sets  in  within  a  day  or  two.  The 
vessels  in  the  vicinity  of  the  resulting  infarction  are  engorged  with 
blood,  and  should  there  be  an  attempt  at  anastomotic  restoration  of  the 
interrupted  blood-current,  the  ansemic  capillaries  may  give  way  when  the 
blood  returns  to  them,  and  punctiform  haemorrhages  follow  thereupon. 
Blood-colouring  matter  oozes  out  from  these  and  other  soiurces  and 
stains  the  embollsed  area,  with  the  effect  that  it  assumes  a  pink  or 
rusty  colour.  Fatty  degeneration  sets  in  before  long,  so  that  the  infarct 
becomes  soft.  The  term  red  softening  used  to  be  applied  to  the  con- 
dition of  the  implicated  portion  of  brain  substance. 

The  blood-colouring  matter  being  in  course  of  time  absorbed  or 
decomposed  into  hsematoidin,  the  infarct  assumes  a  yellow  colour  and 
gives  rise  to  an  appearance  formerly  described  as  yellow  softening. 
Within  it  are  foimd  multitudes  of  compound  granular  corpuscles. 

Ahsorption  follows  next,  and  as  it  progresses,  the  affected  area, 
which  previously  was  somewhat  protuberant,  now  sinks  below  the  level 
of  the  surface.  If  situated  on  the  convexity  of  a  hemisphere  the  pia- 
arachnoid  is  drawn  inwards  and  forms  a  species  of  cicatrix.  A  poren- 
cephalous  condition  (see  p.  581)  sometimes  results  from  the  connections 
which  this  membrane  forms  with  neighbouring  parts. 

The  amov/nt  of  destruction  effected  by  a  cerebral  embolus  depends 
upon  the  distribution  of  the  affected  vessel  and  the  fact  of  its  being 
terminal  or  not  As  before  explained,  the  superficial  or  cortical 
branches  of  the  cerebrum  have  a  pretty  free  anastomosis ;  while  the 
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deep  or  perforating  branches,  those  passing  up  to  the  basal  ganglia, 
are  completely  terminal.  It  often  happens  that,  notwithstanding  the 
anastomosis  of  its  vessels,  the  cortex  gives  way  and  dies ;  while,  on 
the  other  hand,  in  some  instances  of  embolic  occlusion  of  the  middle 
cerebral  at  or  near  its  origin,  important  as  that  vessel  is  for  the 
supply  of  the  cortex,  the  gray  matter  maintains  its  vitality,  while  the 
deeper  parts  supplied  by  its  perforating  branches  suffer  more  or  less 
complete  absorption. 

Areas  of  Distribution  of  Encephalic  Blood-Vessels.— The  following,  taken 
from  Duret  (No.  4,  1874,  L  p.  60),  will  serve  as  a  guide  to  the  area  of  distribution 
of  the  different  branches  of  the  circle  of  Willis,  and,  accordingly,  to  the  amount  of 
destruction  that  may  be  expected  to  follow  their  occlusion  : — 


I.— Anterior  Communicating. 

(a)  Small  branches  to  the  gray  lamina  of  the  optic  chiasma. 
(6)  Anterioles  which  penetrate  the  beak  of  the  corpus  callosum. 
(c)  Very  often  deep  branches  which  supply  the  olfactory  trigone,  anterior  com- 
missure, and  septum  luddum. 


II.— Anterior  Cerebral. 

(Within  the  circle  of  Willis.) 

(a)  Internal  arteries  of  the  optic  nerve  on  the  corresponding  side. 
(6)  External   arteries    to   neighbouring   convolutions  and    to  beak  of  corpus 
callosum. 

(c)  Arteries  to  caudate  nucleus  (not  constant).     They  plunge  deeply  into  the 

cerebral  substance  internal  to  the  olfactory  tract,  and  penetrating  the 
corpus  callosum  below,  divide  into  five  or  six  branches,  which  are  supplied 
to  the  anterior  two  centimetres  of  the  caudate  nucleus. 

(Outside  the  circle  of  Willis. ) 

(d)  Passes  up  the  great  longitudinal  fissure  and  divides  into  three  terminal 

branches  distributed  to  the  parts  on  the  side  of  the  fissure,  namely,  part  of 
the  third  frontal  convolution,  the  gyrus  rectus  and  olfactory  trigone  out 
to  the  sulcus  orbitaUs,  the  gyrus  fornicatus,  corpus  callosum  and  internal 
hce  of  the  first  frontal  and  the  paracentral  lobule,  and  ends  at  the  superior 
parietal  lobule. 

I II. —Internal  Carotid. 

(a)  Small  branches  to  the  chiasma  externally. 

(6)  Sometimes  one  or  two  small  twigs  to  the  anterior  perforated  space  for  the 
supply  of  the  head  of  the  caudate  nucleus. 

(c)  Anterior  choroiJeal  artery  which,  passing  backwards,  accompanies  the  optic 
tract  and  enters  the  choroid  plexus  through  the  comu  Ammonis.  It  gives 
branches  to  the  optic  tract,  cerebral  peduncle,  and  unciform  gyrus. 
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IV.— Posterior  Commnnicating. 

(a)  Branches  to  posterior  part  of  optic  chiasma. 
(6)  Branches  to  tuher  ciDerenm  and  pituitary  body. 

(c)  The  arteries  of  the  mammillary  bodies. 

(d)  Often  two  branches  to  the  optic  thalamus. 

v.— Posterior  Cerebral. 

(a)  Branches  to  pons  Varolii  given  off  at  the  bifurcation  of  the  basilar. 
(6)  Three  or  four  small  arteries  for  the  inner  aspect  of  the  crura  cerebri. 

(c)  Small  branches  which  enter  the  posterior  perforated  space,  and  ascending 

supply  the  optic  thalamus. 

(d)  Almost  all  the  arteries  of  the  ventricular  walls. 

(e)  Branches  to  the  gyrus  angolaris,  and  lower  aspect  of  temporo-sphenoidal  lobe 

and  the  occipital  lobe. 
(/)  Branches  to  the  following  more  or  leas  internal  parts:    Optic  thalamus 

(posteriorly),  cerebral  peduncles,  corpora  quadrigemina,  corpora  geniculata, 

choroid  plexus  (posteriorly),  comu  Ammonia. 
{g)  Interpeduncular  perforating  branches.    They  pass  into  the  posterior  perforated 

space,  and  ascending  supply  blood  to  the  locus  niger. 

YL— Middle  Cerebral. 

(a)  Perforating  branches  which  ascend  to  the  basal  ganglia.  They  are  divided 
into  two  sets — external  and  internal. 

Hie  external  is  the  larger,  and  its  branches  ramify  in  the  outer  segment  of  the 
lenticular  nucleus.  Among  them  is  a  particularly  large  group,  the 
lenticvZo-stricUe^  comprising  four  or  five  branches  which  pass  backwards. 
Farther  back  there  is  another  group  distributed  to  the  posterior  extremity 
of  the  lenticular  nucleus,  and  known  as  the  lenticulo-optic. 

The  internal  ramify  within  the  inner  and  middle  segments  of  the  lenticular 
nucleus. 

{b)  Branches  to  the  claustrum  which  perforate  the  island  of  ReiL  The  claustrum 
is  nourished  by  these  vessels  alone,  and  is  detached,  as  regards  its  circula- 
tion, from  the  rest  of  the  basal  ganglia. 

(e)  Small  branches  to  the  nucleus  amygdalaris. 

The  Sylvian  artery  or  continuation  of  the  middle  cereb^  divides  into  four 
branches.  The  first  goes  to  the  third  frontal  convolution  ;  the  second  to  the  second 
frontal ;  the  third  to  the  ascending  frontal  and  ascending  parietal,  and  often  to 
a  part  of  the  superior  parietal  lobule ;  and  the  fourth,  which  is  more  voluminous, 
supplies  the  inferior  parietal  lobule,  but  does  not  pass  the  interparietal  fissure,  and 
the  first  temporal  convolution. 

The  Supply  of  the  Cerebral  Cortex. — There  are  two  sets  of  arteries,  one  long 
set  passing  through  the  gray  matter  into  the  white,  another  ramifying  exclusively 
in  the  gray  matter.  The  former  is  known  as  the  medullary  set,  the  latter  as  the 
eorticaL  The  cortical  network  has  the  following  distribution.  Quite  on  the  surface 
there  exists  a  quadrangular  capillary  mesh-work.  The  meshes  are  large  and  lie 
paimllel  with  the  surface.  The  subjacent  two  millimetres  are  filled  with  fine  poly- 
gonal capillary  meshes,  which  correspond  with  the  large  cortical  cells.  The  deepest 
millimetre  of  the  cortex  contains  wider  meshes. 
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The  veins  do  not  accompany  the  arteries ;  they  are  medullary  and  cortical,  like 
the  arteries.  It  has  been  alleged  that  there  is  a  direct  anastomosis  of  veins  and 
arteries  in  the  pia  mater,  but  the  fact  is  doubtful. 

The  arterial  supply  of  the  cerebeUnm  is  effected  through  branches  given  6ff 
from  the  vertebral  and  basilar  arteries.     Inferior  cerebellar  branches  are  derived 


Fio.  424.— The  Skull  laid  open  to  show  the  Phvhiological  Topographt  or  the  CosvoLmoira 

(after  Bcker). 


(S)  Sylvian  fissure,  with  its  short  ascending  ramus  and  its  posterior  long  horizontal  1 
(C)  central  sulcus  or  fissure  of  Rolando ;  (A)  anterior  and  (B)  posterior  central  convolutions ;  (Fj) 
upper,  (Fj)  middle,  and  (Fj)  lowest  frontal  convolution ;  (/{)  superior  and  (^  inferior  fh)ntal 
sulci ;  (/s)  sulcus  praeccntralis ;  (Pi)  superior,  (P^)  inferior  parietal  lobule,  ^Ith  fig.  P^  ])ointing  to 
gyrus  supra-marginalis ;  (Pj)  gyrus  angularis  ;  (ip)  sulcus  interparietalis ;  (cw)  end  of  calloso- 
marginal  fissure;  (Oi,  Oj,  0$)  occipital  convolutions;  (po)  parietoK)Ccipital  fissure;  (Ti,  Tj,  Tj) 
teraporo-sphenoidal  convolutions ;  (ti,  <t)  first  and  second  temporo-sphenoidal  sulci ;  (Ki,  Ks>  K3) 
points  in  the  coronal  suture ;  (Lq,  I^  ^Q  the  lambdoidal  suture ;  (Bf)  in  the  squamosal  suture. 


from  each  of  these,  while  the  basilar  also  gives  off  an  anterior  cerebellar  branch.  In 
front,  the  basilar  breaks  up  into  the  two  superior  cerebellar  and  the  two  posterior 
cerebral  arteries,  with  the  third  nerve  between  them.  It  is  very  rarely  that  any 
of  these  are  occluded  by  an  embolus.  They  often  enough  suffer  from  syphilitic 
obliteration. 
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Cranial  Topography. 

914.  It  would  be  out  of  place  in  a  work  on  Pathology  to  discuss 
the  various  systems  that  have  been  adopted  for  localising  the  position 
of  the  convolutions,  fissures,  etc.,  on  the  cranial  vault  The  reader  is 
referred  for  detailed  information  on  this  subject  to  the  works  of 
Turner  (No.  5,  viil  1874,  pp.  142  and  359),  Lucas-Championni^re 
(No.  545),  Hare  (No.  5,  xviii.  1884,  p.  174),  and  Reid  (59,  1884, 
il  p.  539). 


MSR 


FiQ.  425. — CraniO'Cbrebral  Guidutq  Lines,  traced  upon  ▲  Cast  or  Professor 
Cunningham's  (from  a  photogi-aph). 

(GP)  Glabellar  point,  glabella  opposite  superior  border  of  orbit ;  (IP)  initial  point,  at  external 
occipital  protaberance :  (MSP) 'mid-sagittal  point,  midway  between  QP  and  IP;  (Ang.P)  angular 
point,  external  angular  process  opposite  upper  border  of  orbit ;  (Sq.P)  squamosal  point,  intersection 
of  squamoni  and  frontal  lines  at  junction  of  middle  and  lower  thirds  of  latter ;  (PP)  parietal  point, 
termination  of  squamosal  line,  equidistant  with  FS^  from  squamosal  point;  (Aur.P)  pre-auricular 
point,  depression  in  front  of  tragus,  at  level  of  upper  border  of  external  auditory  meatus  <;  (F8i) 
*' commencement"  of  Assure  of  Sylvius,  ^  of  distance  from  Ang.P  to  Sq.P;  (FS^  bifurcation  of 
fissure  of  Sylvius,  /,  of  distance  from  Ang.P  to  Sq.P;  (FS3)  termination  of  Assure  of  Sylvius, 
\  an  inch  above  PP,  in  a  direction  parallel  to  ftttntal  line ;  (FRi)  upper  extremity  of  fissure  of 
Rolando  carried  to  sagittal  line  in  direction  of  fissure,  f  of  an  inch  behind  mid-sagittal  point ; 
(FR2)  lower  extremity  of  fissure  of  Rolando  carried  to  squamosal  line  In  direction  of  fissure,  |  of 
an  inch  in  front  of  squamosal  point ;  (PO)  external  parieto-occipital  fissure,  carried  to  sagittal  line 
in  direction  of  fissure,  ^  of  distance  from  MSP  to  IP.    (Anderson  and  Bfakins.) 


The  satores  of  the  skull  are  not  of  sufficiently  fixed  position  to  enable  them  to  be 
utilised  as  guides  to  the  minor  subdivisions  of  the  cortex.  Anderson  and  Makins 
(No.  5,  xxiii.  1889,  p.  455),  after  a  very  careful  inquiry  into  the  matter,  found,  for 
instance,  that  the  summit  of  the  parietal  eminence  has  a  range  of  variation  in 
position  half  an  inch  in  the  vertical  and  an  inch  in  the  horizontal  direction,  after 
correction  had  been  made  for  the  varying  dimensions  of  skulls  ;  the  distance  of  the 
bregma  from  the  glabella  has  a  corrected  range  of  variation  of  a  little  over  half  au 
inch  ;  the  distance  of  the  apex  of  the  lambdoid  suture  from  the  external  occipital 
protaberance  varies  to  the  extent  of  seven-eighths  of  an  inch  ;  while  the  positions  of 
the  squamous  suture,  the  temporal  ridge,  and  the  spheno-parietal  suture  are  equally 
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uncertain.    The  position  and  form  of  the  sulci  and  convolutions  even  vary  on  the 
two  sides  of  the  body. 

The  eminences  most  easily  defined  through  the  scalp  are  the  glabelk,  the 
external  angular  process,  and  the  external  occipital  protuberance ;  and  althoagh 
these,  like  the  rest,  are  subject  to  irregularities  of  position,  yet  the  variations  are 
too  small  to  interfere  seriously  with  their  value  as  surgical  landmarks.  Starting 
with  these  as  fixed  points,  the  above  authors  have  devised  certain  *' guiding  lines" 
as  aids  to  localisation.  These  are,  firstly,  the  Sagittal  line,  extending  mesially 
from  the  glabella  at  a  point  midway  between  the  highest  points  of  the  supra-orbital 
arches  to  the  external  occipital  protuberance  ;  secondly,  the  Frontal  line,  mnniDg 
from  the  mid-point  of  the  sagittal  line  to  the  depression  immediately  in  front  of  the 
tragus,  at  the  level  of  the  upper  border  of  the  meatus  ;  thirdly,  the  Squamosal  line, 
passing  from  the  most  prominent  point  of  the  external  angular  process,  at  the  level 
of  the  superior  border  of  the  orbit  to  the  junction  of  the  middle  and  lower  thirds  of 
the  frontal  line,  and  prolonged  for  about  an  inch  and  a  half  behind  this.    The 
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Fio.  426.— Outline  traced  from  a  Photograph  of  a  Cast  of  Professor  Cvsnisoham's. 
(For  references,  see  Fig.  425.) 


points  corresponding  to  their  extremities  they  designate  glahcUar,  rnxd'Sagitial^  inialf 
pre-auricular,  angular,  squatnosal,  and  parietal  (see  Fig.  425). 

(1)  The  upper  extremity  of  the  fissure  of  Rolando  was  found  to  lie  in  all  cases 
between  the  mid-sagittal  point  and  a  point  three-quarters  of  an  inch  behind  it 
The  centre  of  the  trephine,  they  say,  should  lie  three-eighths  of  an  inch  behind  the 
mid-sagittal  point. 

(2)  The  lower  extremity  of  the  sulcus  is  located  in  the  squamosal  line  between 
the  junction  of  this  line  with  the  frontal  line  (squamosal  point)  and  three-fourths  of 
an  inch  in  front  of  this.  The  centre  of  the  trephine  may  be  applied  three-eighths  of 
an  inch  in  front  of  the  squamosal  point. 

(8)  The  commencement  of  the  fissnre  of  Sylvius,  being  a  somewhat  indefinite 
locality,  cannot  be  localised  with  much  exactitude,  but  will  usually  be  hit  at  a  point 
from  IJ  to  2  inches  behind  the  external  angular  process.  The  course  of  the 
horizontal  limb  of  the  fissure  corresponds  closely  to  the  squamosal  line. 

(4)  The  external  parieto-occipital  fissure  joins  the  great  longitudinal  fissure  at  a 
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point  averaging  ^^  of  the  distance  measured  from  the  mid-sagittal  point  to  the 
external  occipital  protuberance,  and  lies  near  to  the  apex  of  the  lambdoid  suture. 

The  longitudinal  sinus,  it  should  be  remembered,  frequently  deviates  towards  the 
right  side  in  the  posterior  half  of  its  course. 


Fia.  427.— Left  Side  or  the  Human  Brain,  partly  Diagrammatic  (after  Ecker). 

(F)  Frontal  lobe ;  (P)  parietal  lobe ;  (O)  occipital  lobe ;  (T)  temporo-sphenoidal  lobe ;  (S)  flsaure 
of  Sylvius ;  (S')  horizontal ;  (S'O  ascending  ramus  of  S ;  (c)  sulcus  centralis,  or  Assure  of  Rolando ; 
(A)  ascending  firontal,  and  (B)  ascending  parietal  convolution ;  (Pi)  superior,  (Fg)  middle,  and  (F3) 
inferior  fh)ntal  convolutions ;  (/j)  superior,  and  (/a)  inferior  fhjntal  fissures ;  (/s)  sulcus  pnecen- 
tnlls ;  (P])  superior  parietal  lobule  ;  (Pj)  inferior  parietal  lobule,  consisting  of  (P2)  supra-marginal 
gyrus,  and  (Fj)  angular  gyrus ;  (fp)  sulcus  interparietalls ;  {cni)  tennination  of  calloso-marginal 
flsaure ;  (Oj)  first,  (Oj)  second,  (O^  third  occipital  convolutions ;  {po)  parieto-occipital  fissure ;  (oj) 
tjransverse  occipital  fissure ;  (oj^  inferior  longitudinal  occipital  fissure ;  (Ti)  first,  (Tg)  second,  (T3) 
third  temporo-sphenoidal  convolutions ;  (<i)  first,  (t^)  second  temporo-sphenoidal  sulci. 


Lesions  of  the  Cerebral  Cortex. 

The  Convolutions. 

915.  The  accompanying  schemes  (Figs.  427  and  428)  will  probably 
be  sufficient  to  remind  the  reader  of  the  position  and  nomenclature  of 
the  various  fissures  and  convolutions  on  the  surface  of  the  cerebrum. 
The  nomenclature  is  that  usually  adopted  in  this  country,  and  is 
founded  chiefly  on  the  works  of  Gratiolet,  Owen,  Turner,  Ecker,  etc. 
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The  Motor  Centres. 

916.  It  is  impossible,  unless  in  a  special  monograph,  to  treat  of 
this  subject  satiskctorily  from  the  historical  point  of  view.  All  that 
will  at  present  be  attempted  is  to  give  a  brief  summary  of  what  is 
known  about  the  motor  centres  in  the  brain  of  the  monkey,  afterwards 
showing  in  how  far  these  are  represented  in  the  brain  of  Man. 


Si  -"■ 


Fig.  428.— View  of  the  Brain  fbom  above,  Semi-Diagrammatic  (after  Ecker). 
(S])  End  of  ramus  of  the  Sylvian  fissure.    The  other  letters  refer  to  the  same  parts  as  in  Fig.  427. 


Cortical  Motor  Centres  in  the  Brain  of  tlie  Monkey,^ 

917.  The  pre-frontal  lobe — that  is,  all  the  brain  in  advance  of  a 
line  drawn  at  right  angles  to  the  anterior  extremity  of  the  pre-central 
sulcus — gives  no,  or  very  doubtful,  response  to  electrical  stimulation. 

^  The  statements  made  in  this  summary  are  partly  taken  from  Ferrier's  Croonkn 
Lectures  (No.  59,  1890,  i.  p.  1287). 
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Between  this  line  and  that  of  the  pre -central  sulcus  continued 
upwards  to  the  longitudinal  fissure  there  is  a  region  or  area  (Fig.  430, 
1 2)  stimulation  of  which  causes  opening  of  the  eyes,  dilatation  of 
the  pupils,  and  movements  of  the  head  and  eyes  to  the  opposite  side. 
Beevor  and  Horsley  further  difierentiate  this  area  as  shown  in  Fig. 
433.  This  centre  is  found  in  the  dog,  but  does  not  seem  to  exist  in 
the  cat  or  rabbit.     It  is  questionable  whether  it  prevails  in  Man. 


Fio.  429.— View  or  the  Mbsial  Aspkct  of  the  Brain  (modiflwl  ftom  Richet). 

(FL)  Frontml  lobe ;  (PL)  pftrietal  lobe ;  (OL)  occipital  lobe ;  (CL)  cerebellum ;  (CC)  corpus 
oUlocnm ;  (P)  pons ;  (MO)  medulla  oblongata ;  (MO,  MO,  MO)  marginal  gyrus ;  (SCM)  sulcus 
ealloao-marglDalis ;  (FC)  flssnra  ealcarina ;  (€)  ciineua ;  (PC)  precuneus ;  (OF)  gyrus  fomicatus ; 
(PT)  pituitary  body. 


The  upper  extremities  of  the  ascending  frontal  and  ascending 
parietal  convolutions,  the  postero-parietal  lobule,  and  the  neighbouring 
part  of  the  surface  extending  over  the  margin  of  the  hemisphere  into 
the  posterior  part  of  the  marginal  convolution  or  para-central  lobule 
(Fig.  430, 1,  2;  and  Figs.  431  and  432,  "Leg")  is  a  centre  for  movements 
of  the  lower  extremity.  Behind  the  fissure  of  Rolando  the  movements 
are  mainly  of  the  foot  or  toes.  Anterior  to  the  fissure  of  Rolando  they 
are  combined  with  flexion  of  the  leg  and  thigh.     The  great  toe  can  be 
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excited  to  flexion  separately  from  the  others  by  stimulation  of  the 
region  of  the  upper  extremity  of  the  fissure  of  Eolando. 

Below  the  leg  area  and  partly  in  front  of  it,  and  occupying  the 
middle  third,  or  rather  two-fourths  of  the  central  convolutions  (Fig. 
430,  3,  4,  5,  6,  and  a,  b,  c,  d;  and  Fig.  431,  "Arm  "),  is  a  centre  for  the 
movements  of  the  upper  extremity.  The  thumb  may  be  individually 
thrown  into  action  by  stimulation  of  the  ascending  parietal  convolution 
at  the  lower  extremity  of  the  intra-parietal  fissure. 

Occupying  the  lower  third  of  the  central  convolutions,  and  conse- 
quently lying  below  the  arm  area,  is  a  region  stimulation  of  which 
gives  rise  to  movements  of  the  face,  mouth,  and  tongue.     Within  this 


Fio.  430.— View  of  Left  Side  of  Monkey's  Brain,  with  Motor  Areas  marked 
(after  Ferrier). 

(1)  The  opposite  hind  limb  is  advanced  as  in  walking ;  (2)  flexion  with  outward  rotation  of  the 
thigh,  rotation  inwards  of  the  leg,  with  flexion  of  the  toes ;  (8)  the  tail ;  (4)  the  opposite  arm  is 
adducted,  extended,  and  retracted,  the  hand  pronated ;  (5)  extension  forwards  of  the  opposite  arm ; 
(a,  &,  c,  d)  movements  of  fingers  and  wrist ;  (6)  flexion  and  supination  of  the  forearm  ;  (7)  retraction 
and  eleMition  of  the  angle  of  the  mouth*;  (8)  elevati<m  of  the  ala  of  the  nose  and  upper  lip ; 
(9  and  10)  opening  of  the  mouth  with  protrusion  (9)  and  retraction  (10)  of  the  tongue ;  (11)  retrac- 
tion of  angle  of  the  mouth  ;  (12)  the  eyes  open  widely,  the  pupils  dilate,  and  the  head  and  eyes 
turn  to  the  opposite  side ;  (18  and  18')  the  eyes  move  to  the  opposite  side ;  (14)  pricking  of  the 
opposite  ear,  head  and  eyes  turn  to  the  opposite  side,  pupils  dilate  widely. 

region  can  be  differentiated  centres  for  the  upper  facial  muscles  (Fig. 
430,  7,  8)  in  front  of  and  for  the  platysma  (11)  behind  the  fissure  of 
Eolando. 

Krause  first  demonstrated  phonatory  closure  of  the  larynx  in  the 
dog  on  stimulation  of  the  pre-sigmoid  region.  Semon  and  Horsley  (No. 
6,  1889,  ii.  p.  1383)  have  enlarged  upon  these  observations,  and  locate 
the  centre  in  the  monkey  as  having  its  intensest  point  just  posterior 
to  the  lower  end  of  the  pre-central  sulcus  in  the  anterior  half  of  the 
foot  of  the  ascending  frontal  convolution  (see  Figs.  431  and  433).  It 
is  apparently  bilateral  in  its  action.  The  movements  of  the  cords 
elicited  by  stimulation  of  it  are  those  of  adduction.  They  have  been 
unable  to  find  a  centre  in  the  cerebral  cortex  for  abduction  of  the 
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Fig.  431.— Motor  CejiTres  on  Outer  Aspect  or  Cerebral  Hemisphere  of  the  Monkey 
(after  Horaley  and  SchiiferX 


Fio.  432.— Motor  Centres  on  Mghial  AsPEirr  of  Cerebral  Hemisphere  of  the  Monkey 
(after  Horaley  and  SchciferX 
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cords ;  but  state  that  direct  excitation  of  the  accessory  nucleus  in  the 
medulla  oblongata  evokes  abduction  of  the  cords,  and  never  anything 
else. 


Coming  to  the  mesial  aspect  of  the  hemisphere,  an  important 
motor  area  is  to  be  found  in  the  marginal  gyrus  (Fig.  432).  Horsley 
and  Schafer  have  demonstrated  that  excitation  of   this  from  before 
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backwards  causes  movements  of  the  spine,  tail,  and  pelvis  respectively ; 
and,  still  farther  back,  extension  of  the  hip,  flexion  of  the  leg,  and 
movements  of  the  foot  and  toes.  These  movements,  however,  are  apt 
to  run  into  one  another. 

Stimulation  of  the  angular  gyrus  (Fig.  430,  13,  13')  induces  move- 
ments of  the  eyeballs  and  occasionally  of  the  head  to  the  opposite 
side,  generally  combined  with  an  upward  or  downward  excursion  of 
the  eyeballs,  according  as  the  electrodes  are  on  the  anterior  or 
posterior  limb  of  the  gyrus.  The  condition  of  the  pupils  is  not 
constant ;  sometimes  they  are  contracted. 

It  is  questionable  whether  excitation  of  the  occipital  lobe  gives 
rise  directly  to  any  motor  effects,  although  it  has  been  asserted  that 
such  is  the  case. 

Stimulation  of  the  first  temporal  gyrus  (Fig.  430,  14)  causes  prick- 
ing of  the  opposite  ear,  opening  of  the  eyes,  dilatation  of  the  pupils, 
and  direction  of  the  head  and  eyes  to  the  opposite  side. 

Torsion  of  the  nostril  on  the  same  side  is  said  to  be  called  forth 
by  stimulation  of  the  hippocampal  lobule,  or  anterior  extremity  of  the 
hippocampal  gyrus. 

Ferrier  has  been  unable  to  obtain  any  constant  reaction  from 
stimulation  of  the  rest  of  the  temporal  lobe  or  other  portions  of  the 
cortex. 

Cortical  Motor  Centres  in  the  Brain  of  Man, 

918.  Coming  now  to  the  question  of  how  far  these  motor  centres 
of  the  monkey's  brain  are  represented  in  the  brain  of  Man,  it  is  found 
that  as  a  general  statement  the  motor  area  in  the  one  closely  corre- 
sponds to  that  in  the  other.  This  has  been  ascertained — (1)  by 
destructive  lesions  annihilating  the  function  of  the  parts;  (2)  by 
stimulating  lesions  such  as  tumours,  localised  tubercles,  etc.,  exciting 
the  parts  to  action ;  and  (3)  by  the  application  of  a  weak  continuous 
or  interrupted  current,  as  a  means  of  diagnostic  localisation,  to  parts  of 
the  motor  area  exposed  as  a  result  of  accident  or  after  a  trephine 
wound. 

Thus  it  may  be  concluded — 

(I.)  That  the  motor  area  in  Man  appears  to  lie  stnctly  in  the 
neighbourhood  of  the  convolutions  surrounding  the  fissure  of 
Rolando. 

(II:)  Generally  speaking,  the  leg  centres  occupy  the  highest  part  of 
this,  the  arm  centres  the  middle,  and  the  facial  and  lingual  centres 
the  lower  or  opercular  part. 

(HI.)  The  centre  marked  "12"  (Fig.  430),  stimulation  of  which 
causes  opening  of  the  eyes,  dilatation  of  the  pupils,  and  movements  of 
the  head  and  eyes  to  the  opposite  side,  in  the  monkey,  appears  to  be 
absent  in  Man. 

The  leg  centre  in  Man  was  placed  by  Hallopeau  and  Girodeau  at 
the  upper  limit  of  the   ascending   parietal  and  in  the  para-central 
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Fig.  434.— Side  View  or  the  CJortkx  or  the  Human  Brain. 

The  flgUTM  have  been  constructed  by  marking  on  a  human  brain,  in  their  respective  situations, 
the  motor  areas  determined  on  the  monkey's  brain. 


(I)  On  the  posUro-parietal  ?o&e.— Advance  of  the  opposite  hind  leg  as  in  walking. 

(2,  8j  4)  On  the  upper  extremity  qf  the  fissure  qf  Rolando.— Comylex  movements  of  the  opposite 
leg  and  arm,  and  of  the  trunk,  as  in  swimming. 

(a,  b,  Cf  d)  On  the  ascending  parietal  contH>;u/ion.— Individual  and  combined  movements  of  the 
Angers  and  wrist  of  the  opposite  hand.    Prehensile  movements. 

(5)  On  the  posterior  eMremUy  (tf  the  superior  frontal  contfolution,— Extension  forward  of  the 
opposite  arm  and  hand. 

(6)  On  the  upper  part  qf  the  ascending  frontal  conrolu/ioa.— Supination  and  flexion  of  the  opposite 
forearm. 

(7)  On  the  median  portion  qf  the  ascending  frontal  convolution. — Retraction  and  elevation  of  the 
opposite  angle  of  the  mouth  by  means  of  the  zygomatic  muscles. 

(8)  Lower  down  on  the  same  convoZuiion.— Elevation  of  the  ala  nasi  and  upper  lip,  with  depres- 
sion of  the  lower  lip  on  the  opposite  side. 

(9,  10)  At  the  inferior  extremity  qf  the  ascending  frontal  and  posterior  extremity  qf  the  third  frontal 
convolution.— Owning  of  the  mouth  with  (9)  protrusion  and  (10)  retraction  of  the  tongue.  (RegUm 
qf  aphasia.) 

(II)  At  the  inferior  extremity  qf  the  ascending  parietal  convolution, — Retraction  of  the  opposite 
angle  of  the  mouth,  the  head  turned  slightly  on  one  side. 

(12)  On  the  posterior  portions  qf  the  superior  and  middle  frontal  convolutions.— Eyes  opening  widely, 
pupils  dilating,  and  the  head  and  eyes  turning  towards  the  opposite  side. 

(13,  18*)  On  the  supra-mnrginal  lobule  and  angular  gyrus.— The  eyes  moving  towards  the  opposite 
side,  with  an  upward  (13)  or  downward  (18')  dexiation.  Pupils  generally  contracting.  (Centre  of 
vision.) 

(14)  On  the  infra-marginal  or  superior  temporo-sphenoidal  co»tx)/M<ioii.— Pricking  up  of  the  oppo- 
site ear,  head  and  eyes  turning  to  the  opposite  side,  and  pupils  dilating  largely.    {Centre  qf  hearing.') 

The  centres  of  toMe  and  smell  are  at  the  extremity  qf  the  temporo-sphenoidal  lobe,  and  that  of  tomeh 
in  the  gynu  uncitiatus  and  hippocamptis  major  (Ferrier). 
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lobule,  emulging  upon  the  upper  part  of  the  ascending  frontal, 
anteriorly,  and  the  superior  parietal  lobule,  posteriorly.  Charcot  and 
Pitres  placed  it  in  the  para-central  lobule. 

The  centres  for  the  arm  lie  apparently  in  the  middle  of  the  ascend- 
ing frontal  and  parietal  convolutions — that  is  to  say,  opposite  the  base 
of  the  second  frontal.  The  thumb  centre  referred  to  as  present  in  the 
monkey  also  prevails  in  Man.  Stimulation  of  it  often  serves  as  a 
useful  guide  to  the  locality. 

The  centre  for  the  movements  of  the  vocal  cords  in  the  monkey 
has  already  been  refeiTed  to  (p.  616).  Rossbach  (Xo.  140,  xlvi. 
1890,  p.  159)  holds  that  in  Man  it  is  located  in  the  island  of  Reil, 
and  quotes  a  case  at  length  in  support  of  this. 

Permanent  Effects  of  Destructive  Lemns  of  the  Motor  Part  of  the  Cortex. 

When  the  motor  centres  of  the  cortex  in  Man  are  once  destroyed, 
their  function  never  seems  to  be  taken  on  by  any  other  part  of  the 
brain.  In  animals  lower  in  the  scale,  however,  such  as  the  dog,  this 
does  not  appear  to  be  the  case. 

Thus  Goltz  found  (No.  169,  xxxiv.  1884,  p.  450)  that  when  the 
motor  cortex  in  a  dog  is  completely  removed  bilaterally  there  is  not 
anything  like  the  permanent  loss  of  motor  power  exhibited  by  Man 
when  portions  of  this  area  are  destroyed.  The  animal  for  the  first 
few  days  is  in  a  stupid  and  torpid  condition.  It  neither  tends  to 
stand  nor  to  walk,  and  does  not  take  nourishment  voluntarily,  but 
swallows  well  enough  when  food  is  placed  in  its  mouth.  Consciousness, 
which  is  lost  at  first,  returns  in  a  few  hours. 

In  two  months  after  the  operation  is  completed  the  animal  has  so 
far  recovered  as  to  be  able  to  walk,  stand,  run,  and  spring,  but  all 
these  movements  are  executed  clumsily  and  are  unapt.  In  walking, 
for  instance,  the  hind  feet  are  approached ;  and  if  the  animal  is  set  on 
a  table  it  jumps  down  readily  but  awkwardly.  Obstacles  are  avoided 
with  certainty  in  walking. 

The  conclusion  that  is  generally  drawn  from  these  facts  is  that  in 
the  dog  the  basal  ganglia  have  not  become  so  functionally  obsolete  as 
in  Man,  and  that  they  are  capable,  in  a  manner,  of  assuming  the 
functions  of  the  motor  centres  of  the  cortex  when  these  are  rooted  out. 

What  seems  most  extraordinary,  however,  if  true,  is  the  statement 
made  by  Sherrington  (No.  179,  vi.  p.  178)  that  in  those  dogs  which 
have  recovered  their  motor  power,  and  which  present  merely  this 
clumsiness  of  movement,  both  pyramidal  tracts  may  be  found  to  be 
completely  destroyed. 

Cortical  Centres  for  Tactile  and  Painful  Sensibility, 

919.  The  method  of  testing  the  functions  of  these  centres  by  stimu- 
lation in  animals  is  impracticable.     The  method  of  excision  has  accord- 
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ingly  been  resorted  to  for  this  purpose.  Even  this  method,  however, 
in  its  finer  details  will  ever  remain  inconclusive.  The  ultimate  appeal 
must  be  to  lesions  of  the  brain  in  Man. 

From  the  examination  of  169  selected  cases  in  Man,  Exner  (No.  546)  came  to  the 
conclusion,  among  other  things,  that  the  area  for  tactile  sensibility  lies  in  the  motor 
areas  fur  the  extremities.  The  sensitive  field,  however,  is  never  an  absolute  one, 
and  shows  less  intensely  than  the  motor.  Each  sensitive  cortical  field,  he  further 
asserted,  stood  in  relation  to  both  halves  of  the  body.  His  observations  seemed  to  be 
borne  out  by  cases  collaterally  and  subsequently  recorded  by  Tripier  (No.  621,  iit 
1880-81,  p.  286),  v.  Monakow  (No.  517,  xL  1881,  p.  618),  Petrina  (No.  621,  vi. 
1883,  p.  187),  Bechterew  (No.  134,  ccxi.  1886,  p.  82),  and  others.  Evidence  of 
anaesthesia  or  analgesia,  or  of  special  painful  sensations,  were  said  to  acoomp*ny 
certain  lesions  in  which  cortical  paralysis  of  motion  formed  the  main  feature.  One 
characteristic  of  these  sensory  phenomena  is  that  they  are  never  so  prominent  as  the 
motor,  and,  so  far  as  known,  the  loss  of  sensibility  is  never  complete. 

The  experimental  evidence  adduced  by  Munk  (No.  547)  seemed  to  lend  some 
basis  of  support  to  the  above  observations  made  in  Man.  In  this  country,  however, 
numerous  objections  have  been  raised  to  the  view  that  the  cortical  motor  areas  are 
also  sensory  in  function.  There  has  been  a  tendency  rather  to  localise  the  centres  for 
tactile  and  painful  sensibility  in  particular  convolutions  having  a  much  narrower 
limit  than  is  presupposed  in  the  above. 

Thus  Ferrier  (No.  548,  p.  323)  found  that  destruction  of  the  hippocampal  region 
in  monkeys  produced  more  or  less  complete  loss  of  tactile  sensibility  in  the  opposite 
side  of  the  body. 

Later  on,  these  experiments  were  repeated  by  Horsley  and  Schafer  (No.  65,  clxxix. 
1888,  B,  p.  1,  also  Reprint),  and  when  the  destruction  of  the  parts  in  this  neighbour- 
hood was  sufficiently  extensive,  with  practically  the  same  results.  The  condition  of 
hemiansesthesia,  however,  although  fairly  well  marked  in  some  cases,  was  never 
complete,  and  disappeared  within  a  week  of  the  operation. 

On  extending  their  experiments,  the  last-mentioned  observers  discovered  that 
any  extensive  lesion  of  the  gyrus  fomicatus  is  followed  by  hemiansesthesia  more  or 
less  marked  and  persistent.  In  some  cases  the  amesthetic  condition  involved  almost 
the  whole  of  the  opposite  side  of  the  body,  in  others  it  was  localised  to  particular 
parts.  Seeing  that  the  gyrus  fomicatus  is  practically  continuous  with  the  gyms 
hippocampi,  the  two  constituting  the  great  limbic  lobe  of  Broca,  they  regard  their 
results  not  as  antagonistic,  but  rather  as  an  extension  of  those  of  Ferrier.  Their 
observations  seem,  therefore,  to  point  to  the  limbic  lobe  being  largely,  if  not 
exclusively,  concerned  in  the  appreciation  of  both  painful  and  tactile  sensations. 

Schiff  (see  summary  of  his  views  by  Huggard,  No.  59,  1885,  ii.  p.  194)  takes  the 
view  that  in  the  dog  and  several  other  vertebrates  the  so-called  motor  centres  are 
merely  tactile  centres,  and  that,  when  they  are  excised,  the  difficulty  the  animal  has 
in  its  movements  is  due  to  loss  of  tactile  sensibility,  not  to  loss  of  actual  motor 
power.  The  ablation  of  the  motor  ariea  in  the  dog  permanently  abolishes  tactile 
sensibility  on  the  opposite  side  of  the  body,  but  sensibility  to  pain  and  motility  are 
retained.     The  efiects  are  somewhat  different  in  the  monkey. 

Le^ns  of  the  PrefroiUal  Regimu 

920.  By  the  prefrontal  region  in  Man  is  understood  that  part  of 
the  frontal  lobe  which  lies  anterior  to  the  motor  centres.     Every  one 
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seems  to  be  agreed  in  asserting  that  stimulation  of  this  region  in  the 
lower  animals  does  not  call  forth  any  motor  response,  and  when  it  is 
destroyed  in  Man,  motor  paralysis  is  not  one  of  the  phenomena  accom- 
panying the  destruction. 

The  commonest  diseases  of  this  region,  apart  from  the  results  of 
direct  injury,  are  tumours,  such  as  round-celled  sarcomata,  porencephalic 
absorption,  etc. 

Hlien  extensive  destruction  from  any  cause  has  taken  place  in  early 
ymUh  or  infancy,  the  individual's  mental  capacity  is  warped  or  remains 
unevolved.  Where  the  lesion  is  extensive,  more  or  less  imbecility  is 
noticed.  In  a  case  which  the  author  had  the  opportunity  of  examining, 
both  frontal  lobes  were  extensively  damaged,  and  on  the  right  side  the 
prefrontal  region  was  entirely  wanting.  The  individual,  a  woman,  was 
over  fifty  years  of  age  at  the  time  of  death,  and  had  remained  a  com- 
plete imbecile  for  the  whole  of  her  life.  It  was  impossible  to  instruct 
her  in  even  the  most  rudimentary  matters.  She  was  quite  incapable 
of  understanding  the  meaning  of  the  letters,  of  the  alphabet,  although 
seeing  and  hearing  perfectly ;  indeed  it  was  questionable  whether  she 
recognised  the  significance  of  the  coloured  pictures  in  the  ward,  which, 
however,  in  some  way  fascinated  her.  She  was  completely  aphasic, 
walked  with  some  difficulty,  and  was  barely  competent  to  attend  to 
her  mere  animal  wants.  Her  intelligence  had  apparently  made  no 
advance  from  the  time  of  her  earliest  childhood. 

Similar  cases  have  been  recorded,  and  usually  with  very  much  the 
same  history. 

TThen  the  prefrontal  region  is  destroyed  in  after-life  marked  deteri- 
oration is  noticed  in  all  the  higher  qualities  which  distinguish  Man 
from  the  brute  creation,  and  not  unfrequently  the  deterioration  takes 
a  criminal  bias  (see  case  reported  by  Ferrier,  No.  521,  v.  1883,  p.  62). 
Goltz  found  (No.  169,  xxxiv.  1884,  p.  450)  that,  when  the  frontal 
region  was  removed  in  the  dog,  the  disposition  of  the  animal  changed 
for  the  worse.  *  It  became  snappish  and  pugnacious,  and  would  attack 
a  big  dog  of  which  formerly  it  stood  in  awe. 


Cortical  Auditory  Centre. 

921.  Although  Hughlings  Jackson  has  stated,  and  probably  quite 
correctly,  that  no  case  is  known  of  complete  deafness  in  Man  induced  by 
a  cortical  lesion,  yet  both  experimental  and  pathological  facts  indicate 
that  the  temporo-sphenoidal  lobe,  and  more  particularly  the  first  tem- 
poral convolution,  is  the  most  important,  if  not  the  only  storehouse  of 
acoustic  images.  The  condition  known  as  "  word -deafness "  clearly 
points  to  this  being  at  least  the  receptive  centre  for  the  accumulation 
of  the  memories  of  spoken  language.  It  is  impossible,  however,  to 
discuss  this  subject  apart  from  that  of  aphasia,  under  which  heading 
further  information  is  given. 
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Munk  has  invented  the  term  "  psychical  deafness  {SeeltntavhheU)  " 
to  express  that  condition  in  which  the  animal  or  individual  hears  well 
enough,  but  fails  to  interpret  what  the  sounds  mean,  and  '*  cortical 
deafness  (BindeTiiaubheii)"  to  indicate  that  the  animal's  powers  of 
hearing  are  impaired  or  lost  from  a  cortical  lesion.  Similar  terms 
have  been  long  used  in  reference  to  lesions  of  the  visual  centre 
(Sect  951). 

Baginsky's  experiments  would  seem  to  show  that  the  auditory  nerve  is  placed  in 
connection  with  the  centre  for  hearing  through  the  inferior  fillet  of  the  opposite  side. 
His  experiments  consisted  in  destroying  the  labyrinth  in  rahbits,  and  tracing  the 
consequent  degeneration  of  the  paths  below.  The  fibres  of  the  lower  fillet  of  the 
opposite  side  show  a  marked  shrinkage. 


Cortical  Visual  Centre. 

922.  There  are  chiefly  two  views  on  the  subject— (1)  that  held  by 
Munk,  to  the  effect  that  it  resides  in  the  occipital  lobes  alone,  and  that 
complete  cortical  blindness  may  be  induced  by  their  bilateral  removal ; 
and  (2)  that  held  by  Luciani  and  Tamburini  (No.  551 ;  see  also  No. 
521,  ii.  1880,  p.  234),  and  lately  adopted  by  Ferrier,  that  in  the 
monkey  the  angular  gyri  are  also  concerned  with  vision,  and  that  in 
order  to  produce  perfect  cortical  blindness  both  angular  gyri  and  both 
occipital  lobes  must  be  annihilated. 

The  subject,  however,  cannot  well  be  treated  apart  from  the  other 
lesions  of  vision,  and  the  reader  is  accordingly  referred  to  Diseases  of 
the  Optic-conducting  Apparatus^  and  of  the  Centres  connected  with  it  (Chap. 

Lxxxni.). 

Cortical  Olfactory  Centre. 

923.  There  is  some  amount  of  accumulated  evidence  in  favour  of 
the  hippocampal  lobule  being  the  seat  of  the  sense  of  smell.  Lesions 
calculated  to  cause  irritation  of  this  neighbourhood  have  been  known 
to  give  rise  to  subjective  sensations  of  smell.  The  case  of  an  epileptic 
is  referred  to  by  H.  Jackson  and  Beevor  (No.  521,  xii  1890,  p.  346), 
where  coexistent  with  the  presence  of  a  tumour  in  the  temporo-sphenoidal 
lobe  the  "  aura "  took  the  form  of  a  horrible  smell.  They  refer  to 
several  other  cases  of  the  same  kind. 


Literature  on  Cerebral  Localisation. — Anderson  and  Makins  (Topography) : 
Joum.  of  Anat.  and  PhysioL,  xxiii.  188889,  p.  456.  Ashby  (Turn,  of  ThaL  with 
Choreiform  Movements) :  Med.  Chron.,  Mancn.,  v.  1886-87,  p.  117.     Beevor  and 


Horsley  (Monkey's  Motor  Area):  Phil.  Trans.,  clxxix.  1889,  p.  205.  Birdsall 
(Hemianopsia) :  N.  York  Med.  Joum.,  xlv.  1887,  p.  469.  Blanc  (Cortical  Centre  of 
Conjugate  Deviation):  Lyon  m^d.,  lii  1886,  p.  145.  Bleuler  (Pons  Lesion  and 
Eye  Movements) :  Deut.  Arch.  f.  kliu.  Med.,  xxxviL  1885,  p.  527.  Broca,  see 
Aphasia.  Carville  and  Duret  (Critique) :  Compt  rend.  Soc.  de  Biol.,  v.  1874,  p. 
374.  Charcot:  Localisation  in  Brain  Disease,  1883,  £ng.  transl.,  N.  Syd.  Soc. 
Dodds:  Joum.  Anat.  and  Physiol.,  xii.  1877-78,  pp.  340,  454,  636.      Eisenlohr 
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(Central  Paralysis  of  Larynx):  Arch.  f.  Psychiat.,  xix.  1888,  p.  314.  Eulen- 
bui^:  Berl.  klin.Wochnschr.,  xiii  1876,  p.  619.  Rxner :  Localisation  der  Func- 
tionen  in  der  Grosshimrinde  des  Menschen,  1881 ;  cUso^  Wien.  med.  Wochnschr., 
xzzYi.  1886,  pp.  1665, 1699.  Exner  and  Paneth  (Cortical  Origin  of  Facial) :  Arch, 
f.  d.  ges.  Physiol.,  xlL  1887,  p.  349.  Ferrier :  The  Localisation  of  Cerebral  Disease, 
1878  ;  oZao,  The  Functions  of  the  Brain,  1886  ;  also,  Brain,  xii.  1889,.  p.  36  ;  also 
(Croonian  Lectures^,  Lancet,  1890,  i.  p.  1225  et  seq.  ;  also,  separate  publication. 
Fritsch  and  Hitzig :  Arch.  f.  Anat.  Physiol  u.  vrissensoh.  Med.,  1870,  p.  300. 
Glover:  Arch,  de  neurol.,  xvi.  1888,  pp.  39,  249.  Goldstein:  Schmidt's  Jahrb., 
clxxxiv.  1879,  p.  281.  Goltz :  Phvsiologie  des  Froschhims,  1885  ;  also,  Arch.  f. 
Psychiat,  xviii.  1887,  p.  268.  Gowers  (Brain  in  Congenital  Absence  of  one 
Hand) :  Brain,  1.  1878,  p.  388.  Gray  (Lesions  of  both  Temp.  Lobes  without  Word- 
Blindness  or  Word-Deafness):  Joum.  Nerv.  and  Ment.  Dis.,  xi.  1886,  p.  554. 
Giinther :  Ztschr.  f.  klin.  Med.,  ix.  1885,  p.  1.  Hitzie :  Untersuoh.  iib.  d.  Gehim, 
1874.  Horsley  (Motor  Centres) :  Notices  Proc.  Roy.  Inst.  Gr.  Brit.,  x.  1884-86,  p. 
250 ;  also  (Motor  Centres  and  Will),  Nature,  xxxii.  1885,  p.  377.  Horsley  and 
Schisiefer  (Cerebral  Cortex  Expers.) :  Phil.  Trans.,  clxxix.  1889,  p.  1.  Hugged 
(Excitable  Area  of  Cortex) :  Lancet,  1885,  ii.  p.  194.  Jackson  and  Beevor  (Tumour 
of  Temp.  Sph.  Lobe  bearing  on  Sense  of  Smell) :  Brain,  xii.  1889-90,  p.  346.  Koenis^ 
(Gumma  or  Thalamus) :  Arch.  f.  path.  Anat.,  cvii  1887,  p.  191.  Laborde  ((3ere- 
bral  Peduncles) :  Trav.  Lab.  physiol.  Fac.  m^.  de  Par.  (1884),  1885,  I  p.  99. 
Lussana  and  Lemoigne  (Motor) :  Arch,  de  physioL  norm,  et  path.,  iv.  1877,  pp. 
119,  342.  Macewen  (Arm  and  Leg  Centre) :  Lancet,  1885,  i.  p.  934.  Meyer 
(Degeneration  of  the  Fillet):  Arch.  f.  Psychiat.,  xvii.  1886,  p.  439.  Mickle 
(Brachial  Centre) :  Journ.  Ment  Sc.,  xxxi.  1885-86,  p.  47.  Mills  (Cerebral 
Localisation  in  its  Practical  Relations) :  Trans.  Washington  Med.  Cong.,  1888. 
Munk :  Berl.  klin.  Wochnschr.,  iii  1877,  p.  605 ;  also  (Visual  Centre),  Ai-ch.  f. 
Physiol.,  1878,  pp.  162,547,599 ;  1879,  p.  581 ;  also,Veh.  d.  Functionen d.  Grosshim- 
rinde (reprint  of  articles  published  from  1877-80),  1881.  Ord  (Gumma  of  L.  Motor 
Area):  St.  Thomas'  Hosp.  Rep.,  xv.  1886,  p.  227.  Ott  (Heat  Centres):  Joum. 
Nerv.  and  Ment.  Dis.  N.  Y.,  xiii.  1888,  p.  85.  Paneth:  Arch.  f.  d.  ges.  Physiol., 
xxxvii.  1885,  p.  523.  Rabl  (Facialis) :  Anat.  Anzeig.,  ii.  1887,  p.  219.  Ranne^ : 
Lectures  on  Nervous  Diseases,  1888.  Rickards  (Haemorrhage  into  Crura  Cerebri) : 
Brit.  Med.  Joum.,  1886,  i.  p.  774.  Rossbach  (Voice  Centre) :  Deut  Arch.  f.  klin. 
Med.,  xlvL  1889-90,  p.  140.  Riihmekorb :  Ein  Beitrag  zur  Lehre  v.  d.  Localisation 
im  Grosshim,  1889.  Savill  (Anaesthesia  and  Trophic  Changes  from  Lesion  of 
Gyrus  Foraicatus) :  Brain,  xiv.  1891-92,  p.  270.  Schmidt  (Destract.  of  Tegmentum, 
Thalami,  Corp.  Striat,  and  Nuc.  Lent,  without  Loss  of  Sensation  or  Motion) :  Joum. 
Nerv.  and  Ment.  Dis.,  x.  1885,  p.  294.  Semon  and  Horsley  (Larynx  Centre) :  Brit. 
Med.  Joum.,  1889,  ii  p.  1283.  Sharkey  (Atrophy  of  Brain  from  Spinal  Paralysis) . 
Brain,  xi  1888-89,  p.  94.  Spitzka  (Localisation  in  Pons-Oblongata  Transitional 
Area) :  Joum.  Ment.  and  Nerv.  Dis.  N.  Y.,  xi.  1886,  p.  193.  Starr  (Sensory  Tract) : 
Joum.  Nerv.  and  Ment.  Dis.,  ix.  1884,  p.  327  ;  also  (Thrombosis  of  Artery  in 
Tegmentum) :  Joum.  Nerv.  and  Ment  Dis.,  xiv.  1887,  p.  115.  Trcitel  and  Baum- 
garten  (Hemianopsia  and  Syphilis) :  Arch.  f.  path.  Anat,  cxi.  1888,  p.  251.  Wer- 
nicke (Lesion  of  Lower  Parietal  Neighbourhood):  Arch.  f.  Psychiat,  xx.  1888,  p. 
243. 
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THE  NERVOUS  SYSTEM— {Continued) 
General  Structure  of  the  Brain  in  Relation  to  Disease. 

924.  Before  going  further  it  may  be  advantageous  to  lay  before 
the  reader  a  short  sketch  of  the  position  occupied  by  the  component 
parts  of  the  great  brain,  as  revealed  by  serial  section  in  the  three 
directions  of  space.  Sections  I.  to  IX.  are  made  in  a  perpendicular 
transverse  direction,  Sections  X.  and  XI.  run  horizontally,  while 
Section  XII.  is  obliquely  sagittal.^ 

Peiyendicular  Transverse  Sections, 

Section  I.  (Fig.  435)  runs  through  the  middle  of  the  third  frontal  convolution 
and  corresponding  parts  of  the  first  and  second  frontal  convolutions. 

If  this  part  of  the  brain  is  examined  in  the  fresh  condition  the  white  matter 
appears  to  be  undifferentiated.  It  seems  to  be  uniformly  opaque,  and  it  is  impossible 
to  track  out  the  course  of  its  fibres.  When  prepared,  however,  by  the  gelatine- 
potash  method  employed  in  making  the  sections  from  which  the  above  figure  was 
taken,  three  tracts  of  fibres  are  exposed  whose  direction  is  evidently  different  from 
the  surrounding  mass.  That  which  lies  mosially  (Tr.  int.)  is  the  largest ;  the  middle 
(Tr.  med.)  is  a  more  delicate  slip  ;  and  the  most  external  (Tr.  ext.)  again  is  of  con- 
siderable size.  Without  entering  further  into  what  they  mean,  let  it  suffice  that  the 
innermost  tract,  or  tractus  interaus  corporis  callosi,  contains  the  most  anterior  of 
the  callosal  fibres  which  are  about  to  cross  to  the  opposite  side,  as  well  as  those  which 
have  already  crossed.  The  middle  tract,  or  tractus  medius  corporis  callosi,  i» 
composed  of  some  of  the  callosal  fibres  which  have  already  crossed,  and  which  are 
circumventing  the  anterior  honi  of  the  ventricle  ;  while  the  most  external  tract,  or 
tractus  exteraus  corporis  callosi,  contains  chiefly  fibres  derived  fi*om  a  like  source 
as  those  of  the  middle  tract,  but  also  a  certain  proportion  from  the  prefrontal  region 
of  the  same  side.  Both  sets  of  fibres  are  passing  backwards.  It  will  be  notioed 
that  this  last  of  the  three  tracts  lies  very  closely  underneath  the  third  frontal 
convolution. 

^  The  appearances  delineated  are  those  revealed  by  the  author's  gelatine -potash 
method  (see  vol.  i.  p.  48). 
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Section  II.  (Fig.  436)  passes  through  the  third  frontal  couvolution  a  little  farther 
back  than  Section  I. 

It  shows  the  first  and  second  frontal  convolutions  above  (1  Fr.  and  2  Fr.)  and 
the  gyrus  rectus  and  g^rus  orbitalis  below.    The  tractus  intemus,  described  in 


the  foregoing  section,  has  now  become  the  genu  of  the  corpus  callosum  (G.  C.  C), 
the  point  where  the  two  tracts  coalesce  being  that  exposed.  The  tractus  medius 
and  extemns  (Tr.  med.  and  Tr.  ext.)  are  still  visible  in  their  old  positions.  On 
the  right  side,  the  tip  of  the  lateral  ventricle  (L.  V.)  may  be  noticed,  and  the  com- 
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mencement  of  the  Sylvian  fissure  (S.  F.)  The  distance  (X.)  intervening  between 
the  tractus  extemus  and  the  gray  matter  of  the  third  frontal  convolution  is  even  leas 
than  in  the  previous  section. 

Section  III.  (Fig.  487)  runs  through  the  ti])  of  the  temporo- sphenoidal  lobe 
(T.  S.  L.)  and  the  operculum. 


The  surrounding^  convolutions  are  the  follo\nng:  Starting  from  the  mesial 
aspect  inferiorly,  the  gyrus  rectus  (G.  R.)  and  the  gyrus  orbi talis  are  seen.  The  con- 
volutions of  the  temporo-sphenoidal  lobe  (T.  S.  L.)  and  those  of  the  island  of  Reil 
(I.  R.)  are  placed  more  externally ;  the  ascending  frontal  (As.  Fr.)  and  the  second 
(2  Fr.)  and  first  frontal  (1  Fr.)  lie  above ;  while  forming  the  boundary  wall  of  the 
great  longitudinal  fissure  are  the  marginal  convolution  (M.  C),  and  beneath  it,  im- 
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mediately  above  the  corpus  callomim,  the  gyros  fomicatus  (G.  F. )  The  internal 
parts  exposed  by  this  section  are  now  much  more  complex  and  of  the  greatest  im- 
portance. Running  interhemispherically  is  the  corpus  callosum  (G.  C. ),  and  immedi- 
ately beneath  it  the  septum  luddum  (S.  L.)  enclosing  the  fifth  ▼entride,  while  on 
either  side  of  the  latter  is  the  anterior  extremity  of  the  lateral  ventride.    A  some- 


what pear-shaped  mass  of  gray  matter,  the  corpus  striatum,  is  seen  outside  of  this, 
split  into  two  by  a  coarse  mass  of  white  fibres,  the  mner  capsule  (I.  C.)  The  outer 
division  is  the  head  of  the  lenticular  nucleus  (L.  N.),  the  inner  the  head  of  the 
candatc  nudeus  (C.  N.)  A  little  farther  forwards  they  coalesce,  but  at  this  level,  as 
just  said,  they  are  separated  by  a  coarse  band  of  white  fibres,  the  inner  capsule.  The 
lenticular  nucleus  is  bounded  externally  by  the  outer  capsule  (0.  C),  while  external 
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to  this  again  is  the  daustnim  (Cl.)>  the  white  substance  of  the  island  of  Reil 
(W.  S.  I.  R.),  and  the  gray  convolutions  of  the  island  itself.  The  olfactory  tract 
(0.  T.)  is  seen  lying  in  the  sulcus  olfactorins. 

Section  IV.  (Fig.  438)  runs  through  the  tip  of  the  temporo-sphenoidal  lobe  just 
anterior  to  where  it  joins  on  to  the  brain  substance  generally.     The  first  (1  Fr.), 


^*  «•    5?;  u  5c  J  55  '^.^.piR       »     _. 
'J  <     O  ^    <  X  JSC^^-^  ad  H     O 


second  (2  Fr. ),  and  ascending  frontal  convolutions  (As.  Fr. )  form  the  convex  upper 
and  outer  border  of  the  section. 

The  corpus  callosum  (C.  C.)  is  seen  stretching  interhemispherically,  and  at 
each  side  of  it  there  is  a  slight  indication  of  the  fibres  of  the  crossed  callosal  tract 
turning  downwards  (see  Sect.  926).  The  caudate  nucleus  (C.  N.)  is  now  becoming 
reduced  in  bulk,  while  the  lenticular  nucleus  (L.  N.)  is  divided  into  an  outer  and 
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inner  segment  by  one  of  the  stiiae  medullares.  Tlie  inner  of  the  two  segments, 
being  the  more  fibrous,  appears  darker  than  the  outer.  This  section  reveals  the 
most  anterior  limit  of  the  thalamus,  its  so-called  anterior  nucleus  (A.  N.  Th.  0.) 
The  inner  capsule  (I.  C.)  separates  the  caudate  nucleus  and  the  thalamus  on  the 


one  hand  from  the  lenticular  nucleus  on  the  other.  Lying  immediately  below  the 
tapering  lower  extremity  of  the  inner  capsule  is  a  dense  band  of  white  fibres,  the 
anterior  commissure  (A.  C).  The  olfactory  tract  (0.  T.)  is  still  visible,  but,  from 
its  having  broken  up  into  its  several  roots,  presents  a  flattened-out  appearance.  At 
this  point  a  root  can  be  seen  to  come  off  and  to  pass  up  directly  into  the  outer  capsule. 
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Section  V.  (Fig.  439)  cuts  throngh  the  organ  immediately  behind  the  coalescence 
of  the  temporo-sphenoidal  lobe  with  the  rest  of  the  hemisphere. 

Over  and  above  the  parts  previoasly  referred  to,  it  gives  a  fiill  view  of  the 
anterior  commissure  and  its  branches  to  the  olfactory  (01.).  Ferrier  (No.  548, 
p.  316)  seems  to  doubt  this  connection  of  the  olfactory  with  the  anterior  commissure, 
but  it  appears  to  the  author  on  insufficient  grounds.  The  direction  of  these  olfactor}' 
fibres  given  off  from  the  anterior  commissure  is  clearly  from  the  temporo-sphenoidal 
lobe  of  one  side  of  the  brain  through  the  commissure,  down  towards  the  roots  of 
origin  of  the  opposite  olfactory.  Not  that  the  entire  commissure  is  composed  of 
them  ;  they  form  only  a  component  part  of  it.  By  their  mediation  the  olfactory  is 
connected  with  the  temporo-sphenoidal  lobe  of  the  opposite  side,  a  connection  quite 
in  keeping  with  what  is  known  of  the  cortical  centre  of  smell. 

On  both  sides,  but  more  particularly  on  the  left,  the  connection  of  the  olfactory 
with  the  outer  capsule,  seen  in  Section  IV.,  is  also  plainly  visible.  The  two  divi- 
sions of  the  lenticular  nucleus  (L.  N.)  are  well  demarcated  by  one  of  the  striae 
medullares.  The  arch  of  the  fornix  (Fx.  1)  and  the  two  receding  pillars  lying  on 
the  floor  of  the  third  ventricle  (Fx.  2)  are  also  brought  into  view. 


Section  VI.  (Fig.  440)  nms  through  the  infundibulum.  It  cuts  across  the 
temporo-sphenoidal  lobe  (T.  S.  L.),  the  ascending  frontal  (As.  Fr.),  and  first  frontal 
convolutions  (1  Fr.). 

The  central  parts  have  undergone  considerable  transformation.  Firstly,  it  will 
be  seen  that  the  caudate  nucleus  (C.  N.)  is  much  smaller  than  previously,  and  that 
it  has  also  lost  its  fibrous  appearance.  The  part  represented  is  taken  from  about 
its  middle  third.  Projecting  from  the  mesial  convexity  of  the  inner  capsule  on  the 
left  side  is  a  fibrous-looking  mass,  the  thalamus  opticus.  The  lentictdar  nucleus 
(L.  N.)  is  divided  into  four  segments  on  the  left,  and  into  three  on  the  right  side  by 
the  strise  medullares. 

Under  the  lenticular  nucleus  is  a  double  bundle  of  fibres  (I.  P.  Th.)  running  from 
the  region  of  the  thalamus  down  to  the  temporo-sphenoidal  lobe,  and  terminating 
in  the  nucleus  amygdalaris  (N.  A. ).  This  lias  been  called  the  lower  peduncle  of 
the  thalamus  by  Meynert,  and  the  part  of  the  central  gray  matter  through  which  it 
passes  In  its  course  beneath  the  wedge-shaped  extremity  of  the  lenticular  nucleus, 
is  known  as  the  substantia  innominata  of  Reil.  The  anterior  commissure  (A.  C.) 
is  now  seen  divulging  on  the  right  side  into  the  temporo-sphenoidal  lobe,  its  fibres 
splitting  up  into  a  brush-like  mass,  to  be  distributed  to  probably  the  whole  of  the 
temporal  convolutions.  To  the  outside  of  the  external  segment  or  putamen  of  the 
lenticular  nucleus  (L.  N.)  comes  in  the  outer  capsule  (0.  C),  now  thoroughly 
differentiated  ;  beyond  the  latter  is  the  slip  of  gray  matter  called  the  daustrum 
(CI. ) ;  still  farther  out  is  some  white  matter  ( W.  S.  I.  R. )  underlying  the  convolu- 
tions of  the  island  and  known  as  the  substantia  innominata  or  white  substance  of 
the  island ;  while  most  externally  lies  the  gray  matter  of  the  island  itself  and  the 
Sylvian  fossa. 

Let  us  direct  our  attention  for  a  moment  to  the  outer  capsule  at  this  point. 
It  is  composed  of  an  outer  and  an  inner  layer.  The  outer  layer  comes  from 
the  operculum  and  runs  into  the  temporo-sphenoidal  lobe  chiefly  to  the  first 
temporal  convolution.  As  will  be  seen,  the  opercular  region  and  the  temporo- 
sphenoidal  lobe  are  also  freely  united  by  the  white  matter  of  the  island,  which  a 
little  farther  back  (Fig.  441)  becomes  a  prominent  object.  The  inner  layer  of  the 
capsule  comes  from  above  and  passes  downwards  in  great  part  to  unite  with  the 
anterior  commissure.     Where  its  fibres  reach  to  after  this  it  is  hard  to  say.     Quite 
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likely  they  cross  by  means  of  the  anterior  commissare  to  the  opposite  side  of  the 
brain  to  enter  the  olfactory  tract. 

The  ▼entiicular  sjrstem  is  seen  to  take  the  form  of  the  letter  Y.  The  stem 
of  the  letter  is  represented  by  the  third  ventricle,  the  two  limbs  by  the  lateral 
ventricles.    The  point  of  junction  is  the  so-called  foramen  of  Monro.     The  lateral 


ventricles  are  covered  by  the  corpus  callosum,  and  hanging  from  the  lower  aspect  of 
the  corpus  callosnm  is  the  somewhat  heart-shaped  section  of  the  arch  of  the  fornix 
(Fx.  1).  The  walls  of  the  ventricles,  it  will  be  observed,  are  placed  in  close  apposi- 
tion. The  optic  tract  (0.  T.)  lies  on  each  side  of  the  tuber  ciuereum  and  its 
infandibulnm  (in.). 
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Section  VII.  (Fig.  441)  cuts  through  the  cor2)ora  albicautia  (C.  A.),  and  gives  a 
view  of  the  thickest  part  of  the  tlialamus  (Th. ). 

Notice  how  very  fibrous  the  thalamus  appears  to  be,  more  so  than  any  other 
member  of  the  basal  ganglia.     On  the  upper  free  border  is  a  little  clear  mass,  its 


<     '^     ^  N--;jp  o  ^a  ^    o  '^ 
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anterior  nucleus,  enveloped  by  the  fibres  of  the  stratum  zonale  or  white  covering 
of  the  ganglion. 

On  the  left  side,  the  inner  capsule  (I.  C.)  has  emerged  on  the  base  of  the  brain, 
and  constitutes  the  commencement  of  the  cerebral  peduncle.  Twisting  round  the 
corpora  albican tia  (C.  A.)  are  the  prolongations  backwards  of  the  fornix.     In  the  two 
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preceding  figures  (Sects.  V.  and  VI.,  Fx.  2)  the  fornix  limbs  may  be  seen  running 
backwards  within  the  gray  matter  lining  the  third  ventricle,  and  now,  in  this,  they 
make  a  figure-of-eight  twist  round  the  corpus  albicans  to  terminate  by  splitting  up 
in  the  thalamus.  One  of  the  main  bands  into  which  the  fornix  is  continued  is  seen 
in  the  midst  of  the  thalamus— the  band  of  Vicq  d'Azyr  (B.  V.  d*Az.).  There  are, 
however,  many  others  whose  destination  cannot  be  entered  upon  at  present.  A 
difference  of  opinion  prevails  as  to  whether  the  bundles  which  thus  end  in  the 
thalamus  are  all  directly  continuous  with  the  body  of  the  fornix,  or  whether 
they  are  reinforced  from  the  gray  matter  of  the  corpus  albicans  itself.  The  anterior 
commissure  has  lost  the  character  of  a  compact  bundle.  Part  of  its  brush-like  mass 
of  terminal  fibres  ia  still  noticeable. 

The  position  of  the  optic  tract  (0.  T.)  in  this  and  the  following  figure  is  worthy 
of  special  attention.  It  lies  close  beneath  the  lenticular  nucleus  (L.  N.),  and  is 
adherent  to  it  and  to  the  emerging  fibres  of  the  cms  cerebri.  A  localised 
hsemorrhage,  tumour,  or  other  lesion  in  the  posterior  part  of  the  lenticular  nucleus, 
exerting  pressure,  will  thus  compress  the  tract  and  occasion  symptoms  of  hemiopia 
(see  Sect  949).  Cases  of  this  kind  are  not  very  uncommon.  The  author  met  \\'ith 
one  quite  lately,  in  which  a  focal  haemorrhage  into  the  lenticular  nucleus  in  the 
situation  indicated  caused  complete  hemiopia. 

Section  VIII.  (Fig.  442)  cuts  through  the  anterior  margin  of  the  Pons  Varolii. 
The  parts  exposed  are  much  too  complex  to  allow  of  detailed  description  in  the 
small  amount  of  space  at  our  command. 

The  thalamus  (Th.  Th. )  bulks  largely  in  this  section.  Lying  on  its  mesial  border 
is  an  oval-shaped  mass  of  gray  matter  (M.  N.  Th.),  which,  irrespective  of  the  many 
ambiguous  nomenclatures  proposed,  let  us  name  its  median  nucleus. 

Below  the  thalamus  and  between  it  and  the  pons  is  that  area  of  mixed  gray  and 
white  matter  known  as  the  reg^o  subthalamica.  Within  it  are  seen  two  well- 
defined  ganglia.  The  one  is  the  red  nucleus  (B.  N. ),  and  the  other  the  so-called 
corpus  Luysianum  (C.  L.).  Lying  to  the  outer  side  of  this  region  are  the  ped- 
uncular fibres  (P.  F.)  descending  into  the  pons.  The  triangular-shaped  space 
situated  between  the  two  corpora  Luysiana  and  below  the  third  ventricle  is  caused 
simply  by  the  divergence  of  the  two  cerebral  peduncles.  The  Y-shape  of  the 
ventricular  cavity  is  well  displayed,  the  foramen  of  Monro  or  the  channel  of 
connection  between  the  lateral  and  third  ventricles  being  located  at  the  point 
F.  M.  The  outer  capsule  in  this  region  is  particularly  bulky,  more  so  than  in  any 
other  part  of  the  brain.  Its  fibres  seem  to  pass  directly  downwards  into  the 
temporo-sphenoidal  lobe.  The  commencement  of  the  tail  of  the  caudate  nucleus  is 
shown  at  C.  N, ;  its  termination  (the  surcingle)  in  the  descending  horn  of  the 
lateral  ventricle  at  C.  N3.  The  lenticular  nucleus  is  fast  diminishing  in  size,  to 
terminate  a  short  way  farther  back. 

The  so-called  taenia  semicircularis  is  seen  cropping  out  between  the  caudate 
nucleus  (G.  Nj)  and  the  thalamus  (Th.).  It  is  seen  to  be  continuous  below  with 
the  lamina  medullaris  externa,  that  series  of  bundles  of  fibres  forming  the  outer 
boundary  wall  of  the  latter  ganglion. 

Section  IX.  (Fig.  443)  passes  across  the  front  of  the  angular  gyrus.  Above  is 
the  lobulus  parietalis  superior,  while  below,  and  internally  or  mesially,  are  the 
occipito-temporal  convolutions.  In  the  centre  is  the  posterior  horn  of  the  lateral 
ventricle  (L.  V.). 

As  will  be  seen,  we  have  now  passed  behind  the  basal  ganglia  in  our  progress 
backwards.     To  the  inner  side  of  the  ventricle  is  the  remainder  of  the  corpus 
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calloBam(C.  C.)»  while  below  this  and  oontinuoas  with  it  is  the  little  eminence  of 
white  fibres  known  as  the  hippocampus  minor. 

To  the  oatside  of  the  ventricle  are  two  well-defined  ribbon-like  bands  of  fibres 


cnt  across.  The  inner  of  these  is  known  as  the  tapetum  (Tap. ),  the  outer  is  the 
parieto-ocdpital  band  (P.  0.  6.),  or  the  tract  which  contains  the  fibres  coming 
forwards  from  the  occipital  and  part  of  the  parietal  lobes.  The  latter  nsed  to  be 
called  Gratiolef  8  optic  radiations,  from  the  fact  that  Gratiolet  regarded  it  as  part 
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of  the  cerebral  expansion  of  the  optic  tract.     We  now  know  that  it  does  contain 
optic  fibres,  but  that  it  is  not  wholly  composed  of  these. 

The  lower  part  of  the  figure  represents  an  oblique  section  through  the  cerebellum, 
fourth  ventricle,  and  medulla  oblongata. 


Horizontal  Sections, 

Section  X.  (Fig.  444)  was  di-awn  from  an  opaque  section.     Like  the  others,  it  was 
outlined  by  an  actual  tracing.     It  ought,  however,  to  be  contrasted  with  Fig.  445, 


Fio.  443.— Perpendicular  Transverse  Section  or  Cerebrum  through  the  Angular  Gyrus, 
AKD  (Oblique)  of  the  Cerebellum  and  Medulla  Obt/)noata  (see  text). 


which  was  taken  from  a  transparent  preparation,  as  the  latter  brings  out  certain 
points  which  this  does  not,  owing  to  the  different  manner  of  viewing  it 

It  passes  through  the  brain  at  such  a  level  as  to  afford  perhaps  the  most 
instructive  picture  of  the  parts  of  greatest  importance.  The  convolutions  displayed 
are  the  first,  second,  and  third  frontal.  Behind  these  comes  the  island  of  Reil  lying 
in  the  Sylvian  fossa ;  and  still  farther  back,  the  temporo-sphenoidal  and  occipital 
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lobes.  In  front,  little  differentiation  of  the  white  matter  is  perceptible,  owing  to 
the  preparation  being  opaque. 

Attached  to  the  posterior  extremity  of  the  corpus  callosum  (C.  CalL)  are  in 
respective  sequence  the  septum  luddum  with  its  enclosed  fifth  ventricle,  the 
anterior  commissure,  and  the  anterior  pillars  of  the  fornix.  Behind  this  again 
come  the  third  ventricle,  the  commissura  mollis  uniting  the  two  thalami,  and  still 
farther  back  the  continuation  of  the  third  into  the  fourth  ventricle,  or  the  aqueduct 
of  Sylvius.  As  the  last  of  these  runs  in  a  direction  from  below,  upwards  and 
backwards,  it  is  cut  off  obliquely. 

A  very  instructive  view  is  had  of  the  basal  ganglia.  Thus  in  front,  pushing  its 
way  into  the  lateral  ventricle,  is  the  tuberose  head  of  the  caudate  nucleus ;  while 
behind  and  to  the  outer  side  lies  the  lenticular  nucleus,  three  of  its  segments  being 
seen  in  the  whole  of  their  horizontal  extent.  Observe  that  the  outer  segment  of  the 
lenticular  nucleus  is  separated  from  the  head  of  the  caudate  nucleus  only  by  the 
inner  capsule.  The  bands  of  striae  medullares,  which  are  the  means  of  subdividing 
the  lenticular  nucleus  into  segments,  are  continuous  with  the  anterior  limb  of  the 
inner  capsule  in  front,  and  with  the  posterior  limb  of  the  same  behind. 

Looked  at  on  horizontal  section  it  will  be  seen  how  numerous  and  complex  the 
connections  of  the  inner  capsule  are,  and  what  a  large  proportion  of  its  fibres  find 
their  destiny  in  the  thalamus.  It  is  divided  into  an  anterior  and  a  posterior  limb. 
As  compared  with  the  posterior  limb,  the  anterior  at  this  level  is  comparatively- 
slender.  It  is  evident,  further,  that  many  of  the  fibres  in  the  anterior  limb,  as  it  is 
at  present  seen,  run  almost  directly  backwards  and  terminate  in  the  optic  thalamus. 
To  these  fibres  Meynert  long  ago  gave  the  name  of  the  anterior  peduncle  of  the 
thalamus.  Notice,  also,  what  a  large  number  of  fibres  leave  the  posterior  limb  of 
the  capsule  (P.  L.  I.  C.)  to  enter  the  thalamus  lying  to  its  mesial  side.  It  is  these 
which,  on  penetrating  the  gray  matter  of  this  ganglion,  give  it  the  peculiarly  fibrous 
appearance  previously  referred  to.  Lying  within  the  thalamus  pretty  far  forwards 
are  two  cross-cut  bundles  (Fig.  445,  B.  V.  da),  the  bands  of  Vicq  d'Azyr. 

Posterior  to  the  thalamus  come  in  two  oval -shaped  gray  masses  on  each  side,  the 
external  and  internal  geniculate  bodies,  and  more  towards  the  middle  line  are 
two  of  the  corpora  quadrigemina,  probably  the  anterior.  The  white  layer  on  the 
surface  of  the  geniculate  bodies  is  the  apparent  termination  of  the  optic  tract.  A 
band  of  the  optic  can  also  be  seen  stretching  towards  the  corpora  quadrigemina  and 
partially  enveloping  them.  Outside  the  external  geniculate  body,  and  lying  em- 
bedded in  the  anterior  wall  of  the  middle  horn  of  the  lateral  ventricle,  is  a  little 
rounded  mass  of  gray  matter,  the  tail  of  the  caudate  nucleus.  It  will  be 
remembered  that  the  tail  of  the  caudate  nucleus  is  very  long,  and  extends  far  down 
into  the  middle  horn  of  the  ventricle.  It  is  cut  across  consequently  in  this 
section. 

Outside  the  base  of  the  lenticular  nucleus  lie  the  outer  capsule,  the  leaf-like 
claustrum,  the  white  substance  of  the  island,  and  the  corresponding  convolutions 
of  the  same. 

Coming  still  farther  back,  the  descending  or  middle  horn  of  the  ventricle  is 
seen  with  the  corrugations  of  the  comu  Ammonis  within  it.  At  one  point  the 
junction  of  the  fornix  with  the  comu  Ammonis  is  exposed.  Notice  that  the  gray 
matter  of  the  comu  is  nothing  more  than  a  continuation  of  the  cortical  gray 
matter. 

Section  XI.  (Fig.  446). — The  view  of  the  parts  given  in  this  drawing  is  some- 
what out  of  keeping  with  that  of  Section  IX.,  owing  to  the  plane  of  section  not 
having  been  exactly  horizontal.  It  is  higher  posteriorly  and  lower  anteriorly  than 
that  of  Section  X.,  so  that  the  splenium  of  the  corpus  callosum  is  exposed,  while 
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the  continuity  of  the  limbs  of  the  inner  capsule  is  mterrupted  by  the  anterior 
commissure.     It  is,  however,  a  very  instnictive  figure  for  our  purposes,  and,  nioi-e- 


Fio.  444.— HoRizosn-AL  Se(Tiox.    Human  Braik  (Opaque  Preparation). 

(I  Fr.C.)  First  frontal  convolution  ;  (2  Fr.C.)  Hecond  ft-ontal  convolution  ;  (3  Fr.C.)  third  frontal 
convolution ;  (C.Call.)  corpus  callosuni ;  (A.H.L.V.)  anterior  horn,  lateral  ventricle ;  (C.N.)  caudate 
nucleoB ;  (L.N.)  lenticular  nucleus  ;  (I.R.)  island  of  Reil ;  (A.L.I.C.)  anterior  limb,  inner  capsule ; 
(B.M.)  atrise  medullarea ;  (A.C.)  anterior  commissure ;  (Fx.)  anterior  pilUirs  of  the  fornix ;  (O.C.) 
outer  capsule ;  (CI)  claustrum ;  (P.L.I.C.)  posterior  limb,  inner  capsule ;  (O.M.  3  V.)  gray  matter, 
third  ventricle ;  (C.G.I.)  corpus  geniculatum  internum ;  (C.G.E.)  corpus  geniculatum  externum  ; 
(T.C.N.)  tail  caudate  nucleus ;  (Fi)  fimbria  with  adjacent  comu  ammonia ;  (P.H.L. V.)  posterior 
horn,  lateral  ventricle ;  (Tap)  tapetum ;  (P.O.B.)  parieto-occipital  band. 


over,  having  been  taken  from  a  transparent  section,  displays  certain  connections 
nnrevealed  by  one  in  which  the  original  has  been  opaque.  The  parts  brought  into 
view,   unfortimately,   are  so  intricately  united  and  so  very  complex  that  it  is 
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impossible  here  to  do  much  more  than  merely  refer  to  them.  The  wondrous 
interweaving  of  the  fibres  in  a  preparation  such  as  this  drawing  was  taken  from 
gives  some  idea  of  the  intricate  manner  in  which  the  different  regions  of  the  organ 
are  bound  together. 

It  will  be  noticed  that  about  the  middle  of  the  prefrontal  region  there  lies  a 
somewhat  pyriform  or  leg-of-mutton-like  tract  (a).  Turning  back  to  the  description 
given  of  the  perpendicular  section  through  this  region  (p.  626),  it  will  be  found  that 
three  bands  were  described  as  being  exposed,  the  direction  of  whose  fibres  was 
referred  to  as  different  from  those  of  the  surrounding  white  substance.  They  are 
shown  in  Fig.  435.  This  is  the  innermost  of  the  three,  the  tractiis  intemus 
corporis  callosL  A  little  band  is  noticed  outside  of  this.  It  is  a  portion  of 
the  tractits  medius ;  while  outside  of  this  again  is  the  tractus  extemus  (Fig. 
445,  b). 

The  anterior  limb  of  the  inner  capsule  {d)  is  represented  by  a  few  discon- 
nected bundles  of  fibres,  but  the  posterior  limb  (I.  C.)  is  thick  and  massive.  The 
latter  is  close  upon  the  level  where  its  fibres  emerge  upon  the  base  of  the  brain  as 
the  pedunculus  cerebri.  Passing  down  the  middle  line  we  come  to  the  third 
ventricle  (III.  V.),  and  in  the  gray  matter  on  each  side  of  it  are,  in  front,  the  two 
descending  pillars  of  the  fornix  (Fx.),  and  behind,  the  bands  of  Vicq  d'Azyr 
(B.  v.  da) ;  while  still  farther  back  is  the  posterior  commissure,  with  segments 
of  the  anterior  corpora  quadrig^emina  (C.  Q.  A.).  Beyond  the  last -mentioned 
bodies,  on  each  side,  is  the  pointed  extremity  of  the  thalamus  known  as  the 
pulvinar. 

The  parieto-ocdpital  t>and  or  Gratiolet's  optic  radiation  has  been  already 
referred  to,  and  is  depicted  on  transverse  section  in  Fig.  443.  It  is  now  seen 
throughout  its  entire  course  (0.  R.  G.).  Notice  that  it  commences  in  the  occipital 
lobe,  and  passing  forwards  as  a  ribbon -like  compact  tract,  splits  opposite  the 
hind  extremity  of  the  posterior  limb  of  the  inner  capsule  into  two  contingents. 
The  one  to  the  outer  side  runs  forwards  to  the  middle  of  the  island  of  JieU,  where 
it  terminates  chiefly  by  spreading  out  in  a  somewhat  fan-shaped  expansion  in  the 
white  substance  of  the  island.  It  is  met  at  the  extremity  of  its  course  by  a  similar 
brush  of  fibres  derived  from  the  third  frontal  convolution.  In  the  scries  of  prepara- 
tions of  which  the  one  being  described  is  a  member,  nothing  could  be  clearer  than 
this  extensive  connection  between  the  island  and  the  occipital  lobe  on  the  one 
hand  and  the  island  and  the  third  frontal  convolution  on  the  other.  The  middle 
of  the  island,  where  the  two  bands  of  fibres  mingle  (unnamed  white  substance 
of  the  island),  is  peculiarly  opaque.  It  is  a  question  as  to  whether  some  of  the 
occipital  fibres  are  not  also  carried  forwards  directly  to  the  third  frontal  convolu- 
tion. It  would  seem  almost  as  if  they  were,  although  by  far  the  greater  number 
undoubtedly  terminate  in  the  convolutions  of  the  island.  The  part  of  the  third 
frontal  from  which  the  above  fibres  take  origin  is  the  posterior  third  to  half  of  its 
extent. 

In  its  course  forwards  towards  the  island,  however,  the  parieto-occipital  b«uid 
will  be  seen  to  give  off  numerous  fibres,  which  find  their  destination  in  the  tem- 
poral convolutions.  It  is  these  which  are  probably  bound  up  with  the  pathology  of 
ivord-blindness  (p.  670). 

Fibres  also  stream  into  it  from  the  parietal  convolutions,  and  rim  forwards. 
They  serve  to  increase  its  bulk,  so  that,  at  the  point  anteriorly  where  it  divides,  it 
has  quite  twice  the  size  it  had  in  the  parieto-occipital  region. 

T?ie  other  contingent  into  which  this  parieto-occipital  band  divides  lies  mesially 
or  internally  to  that  just  described  as  passing  to  the  island.  Its  fibres  are  dis- 
tributed among  other  parts  to  the  thalamus  and  the  geniculate  bodies,  while  a  large 
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Fig.  445.— Horizontal  Section.  Human  Brain  Transparent  Preparation). 
(1  Ft.)  First  ft-oiital  convolntion  ;  (2  Fr.)  second  frontal  convolution  ;  (8  Fr.)  third  frontal  con- 
volution ;  (I.R.)  island  of  Reil ;  (1  T.Spli.)  first  temporo-sphenoidal  (•onvolution  ;  (2  T.Sph.)  second 
temporo-sphenoidal  convolution  ;  (3  T.Sph.)  tliird  tenijwro-sphenoidal  convolution  ;  (O.L.)  occipital 
lobe;  (T.F.)  transverse  fissure;  (III.  V.)  third  ventricle;  (o)  int«rnal  callosal  tract;  (6)  external 
calloaal  tract;  (c)  fibres  from  third  frontal  convolution  turning  into  outer  capsule  ;  (^) association 
fibres  connecting  the  third  frontal  convolution  and  island  of  Reil ;  (S.F.)  Sylvian  fossa  ;  (d)  a  few 
fibres  of  anterior  limb  of  inner  capsule ;  (O.C.)  outer  capsule  ;  (L.N.)  lenticular  nucleus ;  (CI.) 
claustnim;  (A.C.)  anterior  commissure;  (Fx.)  fornix;  (I.P.Th.)  inferior  peduncle  of  thalamus; 
{G.ni.V.)gray  matter,  third  ventricle  ;  (B.V.  da)  band  of  Vicq  d'Azyr ;  (O.Tr.)  optic  tract ;  (I.C.) 
inner  capsule ;  (S.Cr.P.)  sui>erior  cerebellar  peduncle  and  red  nucleus  ;  (Teg.)  tegmentum ;  (/)  fibres 
of  the  occipito  -  parietal  band,  spreading  forwards  into  the  island  of  Reil  and  first  and  second 
tetnporo-8phenoi<lal  convolutions  ;  (Th.)  jwsterior  extremity  of  thalamus  ;  (C.Q.A.)  corpus  quadri- 
geminum  anterius ;  (Fx.F.)  fimbria  of  fornix  ;  (C.Am.)conui  Ammonis  ;  (C.P.)  choroid  plexus;  (C.C.) 
corpus  callosum;  (H.M.)  hippocampus  minor;  (O.R.Q.)  optic  radiations  of  Giatiolet,  or  jiarieto- 
occipital  band ;  (C.C.F.)  tapetuni. 
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mass  of  them  sinks  into  the  posterior  part  of  the  capsule  to  descend  in  the  peduncle. 
This  is  probably  the  sensory  t>and,  whose  destruction  occasions  crossed  hemi- 
anesthesia. Many  of  the  fibres,  however,  take  another  direction.  They  pass  in 
front  of  the  posterior  limb  of  the  capsule  forwards  and  inwards,  twist  round  the 
capsule  and  enter  the  thalamus.  Presumably  this  is  the  continuation  of  what 
Meynert  has  described  as  the  lower  peduncle  of  the  thalamus,  and  which  is  seen 
on  perpendicular  section  in  Fig.  440,  I.  P.  Th.  It  is  impossible,  at  present,  to  detail 
the  many  other  points  of  interest  shown  in  this  Figure.  The  above  will  be  sufficient 
for  our  present  purposes. 

Obliquely  Sagitkil  Section. 

Section  XII.  (Fig.  446). — The  plane  of  section  in  the  preparation  from  which 
this  Figure  was  taken  ran  not  exactly  antero-posteriorly,  but  with  sufficient 
deviation  to  the  side  to  pass  through  medulla,  pons,  cms  cerebri,  and  farther 
onwards  in  the  same  line.  The  convolutions  exposed  are  those  therefore  of  the 
frontal  and  parietal  lobes  as  far  back  as  the  splenium  of  the  corpus  callosum.  The 
occipital  lobe  does  not  come  into  view,  but  a  small  detached  segment  of  the  temporo- 
sphenoidal  lobe  is  seen  inferiorly.     The  preparation  was  transparent. 

The  corpus  callosum  (c.c.)  is  cut  off  obliquely  and  the  course  of  its  fibres 
within  the  centrum  ovale  is  faintly  indicated  anteriorly.  The  little  slip  of  white 
matter  (/)  seen  underneath  its  splenium  is  a  segment  of  the  fornix.  The  continuity 
of  the  lenticular  (l.n,)  and  caudate  nuclei  {c.n.)  anteriorly  is  apparent,  the 
separation  being  only  partial  and  effected  through  the  somewhat  interrupted  bundles 
of  the  anterior  limb  of  the  inner  capsule.  Abutting  on  the  caudate  nucleus  behind 
comes  the  thalamus  {th)  with  its  various  nuclei  and  terminal  pulvinar,  while 
following  out  the  same  convex  line  formed  by  these  three  large  nuclei  are  the  two 
corpora  quadrigemina  {c.q,).  The  Figure  terminates  with  a  section  of  the  cere- 
bellum (el). 

Below  the  lenticular  nucleus  are  seen  two  bands  obliquely  cut  across.  The  one 
in  front  (a.c.)  is  the  anterior  commissure,  that  behind  is  the  optic  tract  (o).  The 
fibres  of  the  posterior  limb  of  the  inner  capsule  are  seen  descending  in  the  pedun- 
culus  cerebri,  and  are  continued  downwards  in  the  crusta  or  its  superficial  layer. 
The  layer  above  this  is  the  substantia  nigra ;  while  above  that  again  and  beneath 
the  corpora  quadrigemina  is  an  indefinitely  fibrous  layer,  the  tegmentum,  covered 
in  above  by  the  corpora  quadrigemina  (eg.).  The  fibres  of  the  crusta  (y.f.) 
can  be  followed  down  through  the  pons  {p).  They  split  up  into  numerous 
bundles,  which  again  coalesce  at  its  lower  limit  to  pass  into  the  medulla  oblongata 
(m.0,).  Interlacing  with  them  are  the  cross-cut  transverse  fibres  of  the  pons 
derived  in  great  part  from  the  cerebellum.  Passing  obliquely  upwards  from  the 
cerebellum  is  the  superior  cerebellar  peduncle  {s.c.p.),  losing  itself  in  the  tegmental 
region.    The  olivary  body  {ol)  is  exposed  in  the  medulla  oblongata. 


Plan  of  the  Central  Nervous  System. 

925.  The  general  view  upheld  at  the  present  day  regarding  the 
plan  or  architecture  of  the  central  nervous  system  is  in  its  main 
features  something  like  the  following : — 

Coming  down  from  what  has  been  lately  called  by  Sherrington 
the  cord  area  of  the  cerebral  cortex,  and  which  corresponds  in  Man 
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pretty  closely  with  what  is  named  the  motor  area  of  the  cortex,  there  ^ 
are  certain  fibres  which  descend  to  the  lowest  limits  of  the  spinal  cord. 
They  are  known  as  pyramidal  fibres,  and  run  down  through  the  inner 
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capsule,  cms  cerebri,  and  pons  to  the  medulla  oblongata,  where  they 
partly  decussate  to  enter  the  spinal  cord.  A  good  many  of  them  are 
motor  in  function. 
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From  the  basal  ganglia  fibres  radiate  upwards  towards  the  cerebral 
cortex  in  a  fan-shaped  expansion  known  as  the  corona  radiata. 

Corresponding  parts  of  the  cerebral  cortex  are  united  through  the 
various  white  commissures. 

The  cerebellum  is  put  in  connection  with  the  cerebrum  by  means 
of  its  superior  peduncle.  Its  middle  peduncle  runs  across  the  pons  ;  and 
through  its  inferior  peduncle  and  corpora  restiformia  it  communicates 
with  the  spinal  cord. 

The  paths  for  the  conveyance  upwards  of  different  peripheral  impressions, 
paths  for  the  conveyance  of  impressions  to  arouse  feelings  of  painful 
and  tactile  sensibility,  sense  of  location  of  a  limb,  sense  of  temperature, 
etc.,  are  conveyed  to  the  spinal  cord  by  the  posterior  nerve  roots,  or 
to  the  brain  by  the  sensory  roots  of  the  trigeminus.  Those  which 
enter  the  cord  either  pass  to  the  opposite  side  at  once  and  ascend  in 
the  gray  matter  (pain  and  temperature)  to  the  cortex  of  the  cerebrum, 
or  run  up  in  the  posterior  columns  of  the  same  (sense  of  location)  or 
opposite  side  (tactile  sensibility),  the  former  decussating  in  the 
pyramids. 

The  farther  stretch  of  the  fibres  upwards  is  questionable.  The 
case  of  glioroatous  tumour  of  the  posterior  horn  of  the  spinal  cord 
recorded  by  Kossolimo  (No.  517,  xxi.  1890,  p.  897)  would  seem  to 
favour  the  view  that  after  decussating  in  the  cord  or  anterior  pyramids 
they  pass  into  the  interolivary  layer,  the  lemniscus  (Schleife)  of  the 
pons  and  cerebral  peduncle.  At  least,  the  secondary  degeneration  in 
his  case,  resulting  from  destruction  of  the  left  posterior  horn  of  gray 
matter  in  the  cord,  followed  this  ascending  course. 

The  next  we  know  of  the  sensory  tract  is  that  it  occupies  the 
posterior  third  or  fourth  of  the  posterior  limb  of  the  inner  capsule, 
but  Avhere  its  fibres  are  ultimately  distributed  to,  remains  a  mystery. 
There  are  chiefly  three  views  on  the  subject : — 

(1)  That  the  sensory  and  motor  centres  of  the  cortex  are  separate, 
and  that  the  ascending  sensory  fibres  are  applied  directly  to  the 
sensory  centres  alone,  the  communication  between  them  and  the 
motor  being  by  means  of  connecting  or  commissural  fibres. 

(2)  That  at  least  the  tactile  perceptive  centres  are  bound  up  with 
the  motor  centres  of  the  cortex. 

(3)  That  the  afferent  fibres  run  up  to  the  excitable  portions  of  the 
cortex,  and  that  thence  impulses  are  conveyed  to  the  motor  centres 
whose  locality  is  as  yet  undetermined.  The  so-called  "  motor  area  " 
of  the  brain  would  thus,  according  to  this  view,  be  the  "  sensitive 
perceptive  centre  "  for  tactile  sensibility  (Schiff). 


Course  followed  hy  the  Callosal  Fibres, 

926.  Although  such  may  be,  in  general  terms,  the  common  notion 
of  the  various  great  paths  throughout  the  brain  and  cord,  it  by  no 
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means  follows  that  it  is  unassailable.  Indeed  there  are  good  reasons 
for  believing  that  in  some  most  fundamental  points  it  is  radically 
Mrrong,  in  none  perhaps  more  so  than  in  the  following : — 

As  mentioned  above,  the  corpus  callosum  is  generally  regarded 
as  a  commissure  uniting  equivalent  parts  of  the  cortex  and  bringing 
them  into  functional  harmony.  If  this  be  so  it  is  difficult  to  under- 
stand, as  in  the  example  reported  by  Eichler  (No.  517,  viii.  1878, 
p.  355),  and  in  many  others,  how  so  large  a  mass  of  white  matter 
can  be  congenitally  absent  without  a  single  indication  during  life. 

The  author  for  some  years  past  has  taken  a  different  view  of  the 
meaning  of  the  corpus  callosum,  and  accumulating  facts  have  so 
strengthened  his  belief  in  the  theory  he  originally  enunciated  in  a 
communication  to  the  Koyal  Society  of  London,^  that  he  has  been  in  a 
manner  compelled  to  subjoin  a  short  risum^  of  the  main  facts. 

If  a  mammalian,  and  more  especially  a  human  brain,  be  hardened 
by  injecting  the  vessels  with  Muller's  fluid,  the  appearances  depicted 
in  Fig.  447  will  be  seen  on  making  a  perpendicular  transverse 
section  of  it.  Issuing  from  the  corpus  callosum  at  each  side  is  an 
arcuate  mass  of  fibres  (Figs.  447  and  449,  C.C.T.)  which  turns 
upwards,  outwards,  and  downwards  in  the  midst  of  the  centrum 
ovale.  Let  us  apply  the  name  crossed  callosal  tract  to  this  mass 
of  callosal  fibres.  Without  entering  too  much  into  detail,  it  may  be 
mentioned  that  these  seem  to  be  callosal  fibres  which  have  arisen  from 
the  cortex  on  one  side  (see  Fig.  448,  C,  C),  which  have  crossed  the 
middle  line  in  the  corpus  callosum,  and  which  are  now  turning  down- 
wards. Notice  where  they  go  to.  They  split  mainly  into  two  lots. 
The  inner  of  these,  which  is  also  the  larger,  enters  the  inner  capsule 
(Fig.  447,  I.C.),  while  the  outer  and  smaller  (O.C.)  passes  into  the 
ouier  capsule.  It  may  be  that  there  is  yet  a  third  contingent  (Fig. 
448,  C,  C)  which  passes  through  the  lenticular  nucleus  as  the  striae 
medullares,  its  fibres  uniting  below  to  form  the  kntkiUar  nvdeus 
loop. 

Those  of  the  inner  capsule  end  by  becoming  attached  chiefly  to  the 
basal  ganglia  and  parts  still  farther  downwards.  The  thalamus  receives 
perhaps  most  of  them  (Fig.  448,  c*),  but  they  evidently  pass  down 
also  to  the  gray  matter  of  the  pom  and  medullay  and  it  may  be  of  the 
spinal  cord  Those  of  the  outer  capsule  become  attached  to  various 
parts,  and,  as  shown  in  Fig.  447,  among  these  to  the  anterior 
commissure. 

The  sum  and  substance  of  the  matter  is  that  the  corpus  callosum 
does  not  seem  to  be  a  commissure  in  the  ordinary  sense,  but,  rather, 
a  decussation  of  certain  cortical  fibres  which  do  not  decussate  lower 
down.  The  author  has  been  interpreted  erroneously  by  certain  op- 
ponents of  this  theory  as  reviving  Foville's  view  that  the  corpus  callosum 

*  For  refs.  see  Bibliog.  under  General  Literature  on  Anatomy  of  Nervous  System, 
p.  655. 
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represents  the  decussation  of  the  peduncular  fibres.  Such  was  never 
the  case.  The  peduncular  fibres  (m,  m)  descend  directly  and  lie  at  the 
outer  border  of  the  crossed  callosal  tract.     They  are  sometimes  bound 


up  with  those  of  the  tract,  but  more  usually  are  quite  distinct  from 
them.  They  form  only  a  small  contingent  of  the  fibres  entering  the 
inner  capsule,  and  are  most  numerous  in  its  posterior  limb,  where,  in 
its  anterior  two-thirds,  they  constitute  about  one-third  of  the  whole 
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mass.     In  the  anterior  limb  they  are  much  less  numerous,  the  greater 
bulk  of  this  being  made  up  of  crossed  callosal  fibres. 

The  turning  downwards  of  the  corpus  calloeum  can  be  seen  very 
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well  in  the  four  months^  human  embryo.  The  pyramidal  fibres  lie  out- 
side of  the  crossed  callosal  tract  as  in  the  adult,  and  the  callosal  fibres 
split  to  enter  the  inner  and  outer  capsules. 

In  the  brain  of  an  idiot  examined  by  the  author,  where  a  great  part 
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of  the  frontal  lobe  had  been  destroyed  and  where  the  vacuity  was  in  a 
state  of  porencephalia,  the  crossed  callosal  and  peduncular  tracts  were 
found  beautifully  dissected  out.  A  drawing  of  a  section  of  this  brain 
is  given  in  Fig.  452,  where  it  will  be  observed  that  the  porencephalous 
condition  of  the  hemisphere  has  opened  out  the  various  tracts  of  fibres 


Fig.  449.— Perpendicular  Obuque  Antero-Posterior  Section  of  Hitman  Brain  through 
THE  Corpus  Callosum  and  CRoasED  Callosal  Tract  (x  10-20  Diams.) 

Stained  by  the  author's  modification  of  Weigert's  copper-hseniatoxylene  procesH. 

(c.c.)  Corpus  callosum ;  (c.c.t.)  crossed  callosal  tract ;  (v.cj.,  v.cj.)  callosal  fibres  from  tlie  vertex  ; 
(p,nj.f  p.n^.)  aavnef  from  cortex  lower  down,  running  towards  the  plexiform  nucleus  ( p. n.);  (cLJ.) 
direct  cortical  fibres  lying  outside  the  crossed  callosal  tract,  and  running  down  to  the  inner  capsule 
{i.e.) ;  (ji.cj.)  severed  callosal  fibres  of  the  crossed  callosal  tract ;  {c.n.)  caudate  nucleus ;  (x)  bound- 
ary line  between  plexifonn  nucleus  and  inner  capsule. 


in  the  neighbourhood.  Those  concerned  with  the  corpus  callosum  are 
revealed  in  a  particularly  diagrammatic  manner.  The  chief  leash  of 
fibres  entering  it  and  about  to  cross  (C.  F.  E.),  namely,  that  derived 
from  the  vertex,  the  crossed  callosal  tract  (C.  C.  T.),  or  those 
lea\dng  it  and  turning  down  to  enter  the  inner  capsule  (I.  C.)  after 
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having  crossed,  and  the  direct  descending  fibres  (D.  D.  F.)  are  all  well 
displayed. 

In  certain  mammalian  types  the  connections  of  the  corpus  callosum, 
owing  to  the  simplicity  of  the  structure  of  the  organ,  can  be  readily 


Fig.  450.— Section  of   Brain  of  Xenurus  ovmnurus  throttoh  the  Anterior  Commissubk, 

SHOWING  THE  C0RPU8  CaLLOSUM  TURNING  DOWN   INTO  THE  OUTER  CaPSULE.      Msgniflwl  three 

times.    (After  Rabl-Riickhard.) 

(ji.fi:)  Outer  capsule ;  (c./.)  columns  fomicis ;  (pl.ch.)  plexus  choroidei ;  (<r.)  corpus  callosum  ; 
(v.l.)  lateral  ventricle  ;  (c.i.)  inner  capsule ;  (ca.)  anterior  commissure. 

made  out.  Their  examination  supports  the  view  just  enunciated  of 
its  nature.  In  the  edentata  the  appearances  are  particularly  graphic. 
Rabl-Riickhard  (No.  14,  xxxv.  1890,  p.  165)  some  time  since  drew 
attention  to  the  correspondence  of  the  coi*pus  callosum  in  the  arma- 


FiG.  451.— Section  of  Brain  of  Xenurus  oymnurus,  showing  the  Corpus  CALLOsiru  tirnino 
DOWN  INTO  the  Inner  AND  OuTER  CAPSULES.  Magnified  three  times.  (After  Rabl-Riick- 
hard.)     ^ 

(r.e.)  Outer  capsule;  (pl.ch.)  choroid  plexus;  (<r.)  corpus  callosum;  (c.t.)  inner  capsule;  (p.t.) 
pars  temporalis  of  anterior  commissure ;  (V.  III.)  third  ventricle. 


dillo  (Xenurus  gymnurus)  with  what  was  described  by  the  author. 
Two  drawings  illustrating  this  paper  are  reproduced  in  Figs.  450  and 
451.  If  they  are  compared  with  Fig.  447  the  resemblance  will  be 
foimd  to  be  noteworthy.     The  corpus  callosum  (Fig.  451,  tr.)  turns 
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downwards  and  splits  into  the  inner  (c.t.)  and  outer  (c.e,)  capsules 
exactly  as  it  does  in  Man.  The  outer  capsule  is  very  large  in  these 
types,  and  as  displayed  in  Fig.  450,  joins  the  anterior  commissure 
(c,a,)  below.  This  connection  has  long  been  known  to  the  author, 
and  is  represented  in  Fig.  440  taken  from  Man. 

There  is  considerable  difficulty  in  tracing  the  course  of  the  callosal 
fibres  by  means  of  secondary  degeneration.  They  do  not  react 
so  readily  as  the  peduncular  fibres  do.  Whether  or  not  this  is  owing 
to  their  having  trophic  centres  in  the  thalamus  and  other  parts  to 
which  they  become  attached,  cannot  possibly  be  answered  at  present. 


FlO.  452.— PORENX'EPHALIA   AFFECTINO    I^ATERAL  ASPECT  OF  CEREBRUM  (Katursl  Sizc). 

(D.D.F.)  Direct  descending  fibres ;  (C.F.E.)  fibres  entering  corpus  callosura  from  vertex  ;  (C.C.T.) 
crossed  callosal  tract,  consisting  of  those  fibres  which  have  crossed  in  the  corpus  callosum,  and 
which  are  descending  in  the  inner  capsule;  (For.)  porencephalons  destruction;  (C.X.)  caudate 
nucleus  ;  (I.C.)  inner  capsule  ;  (Th.)  thalamus  opticus  (gelatin e-jwiash  method). 


Sherrington  states  that  some  time  after  destructive  lesions  of  the  cord 
area,  or  that  area  of  the  cerebral  cortex  giving  origin  to  the  pedun- 
cular fibres  and  other  parts  of  the  cortex,  he  could  trace  a  secondary 
degeneration  running  across  the  corpus  callosum  into  the  opposite 
hemisphere.  Murotoff  (No.  51,  1893,  Anat.  Ab.,  p.  97)  makes  a 
similar  assertion.  In  neither  case,  however,  is  the  assertion  supported 
by  a  clear  view  of  how  much  of,  to  what  depth,  the  hemisphere  was 
cut  into.  This  is  the  crvx  of  the  whole  matter  as  will  be  seen  by 
looking  at  the  scheme  depicted  in  Fig.  448.  There  is  good  reason  for 
believing  that  the  trophic  centres  for  the  callosal  fibres  may  be  hehw, 
not  above ;  and,  accordingly,  if  the  lesion  of  the  hemisphere  occupied 
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the  area  A,  only  those  fibres  going  to  the  opposite  side  would  be 
divided.  If,  however,  the  destruction  involved  the  area  B,  those  which 
are  about  to  cross  and  some  of  those  which  have  already  crossed  would 
be  cut  across.  While,  if  it  proceeded  as  far  as  the  area  C,  a  much 
larger  proportion  of  those  which  have  already  crossed  would  be  divided. 
These  presumably  have  their  trophic  centres  below,  and  hence  might 
degenerate  upwards  into  the  opposite  hemisphere. 

Experimental  evidence  of  the  course  of  the  callosal  fibres,  derived 
from  a  knowledge  of  their  function,  is  unfortunately  meagre.  The 
older  methods  of  operating  by  way  of  section  of  the  corpus  callosum, 
such  as  those  practised  by  Saucerotte,  Longet,  Magendie,  Floiu-ens, 
etc.,  have  revealed  little  of  a  positive  nature,  and  even  in  later  times 
those  of  Koranp  (No.  169,  xlvii.  1890,  p.  35)  in  dogs  were  not  in 
any  way  more  worthy  of  note.  The  animals  remained,  it  is  said, 
in  possession  of  all  their  functions.  Mott  and  Schaefer  (No.  6, 
1890,  i.  p.  1124;  also,  No.  521,  xiii.  1890,  p.  174)  emphasise  that 
stimulation  of  the  corpus  caUosum  in  the  monkey  by  weak  induction 
currents  produces  localised  bilateral  movements  in  all  parts  of  the 
body,  the  muscles  which  resipond  to  the  stimulus  depending  upon  the 
position  of  the  electrodes.  Thus,  anteriorly,  head  and  eye  movements 
were  obtained,  but  never  face  movements.  A  little  farther  back 
movement  of  the  shoulder  muscles  on  both  sides  occurs.  Still  farther 
back  well-marked  movements  of  the  trunk  muscles  were  obtained; 
while  leg  and  tail  movements  followed  upon  stimulation  still  posterior 
to  this.  All  the  movements  were  bilateral  and  fairly  equal  on  both 
sides. 

When  the  corpus  callosum  is  divided  by  removing  one  hemisphere, 
the  callosal  fibres,  cut  across,  are  exposed  as  they  enter  the  opposite 
hemisphere.  If  these  are  stimulated  by  an  extremely  weak  current, 
localised  movements,  they  allege,  occur  on  the  side  of  the  body 
opposite  to  that  with  which  the  stimulated  fibres  are  still  connected. 
The  portion  from  which  movements  can  be  called  forth,  they  say,  is 
limited  to  the  thin  middle  part  of  the  corpus  callosum.  The  order 
in  which  the  movements  of  the  respective  muscles  manifest  them- 
selves is  the  same  as  before,  namely,  the  eye  movements  most  an- 
teriorly, head  and  shoulder  movements  next,  and  most  posteriorly 
those  of  the  trunk,  tail,  and  legs. 

These  results  might  quite  well  be  accounted  for  by  the  view  just 
enunciated  that  the  corpus  callosum  is  in  reality  a  decussation  of 
fibres  arising  from  nerve  cells  in  each  hemisphere;  and  that  after 
decussating  these  fibres  run,  not  into  cells  in  the  opposite  hemisphere, 
but  directly  downwards  into  the  inner  capsule  and  parts  below.  It 
is  doubtful  whether  the  callosal  fibres  function  in  a  direction  down- 
wards. More  probably  impulses  pass  along  them  from  the  lower 
centres  to  the  higher.  As  the  author  has  expressed  it,  they  are 
probably  the  means  of  educating  the  motor  cortex — the  means  of  con- 
veying impulses  to  arouse  the  motor  area  of  the  brain.     Hence  if  the 
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corpus  callosum  is  divided  as  in  the  above  experiment,  contractions  on 
the  isame  suk  of  the  body  as  that  from  which  the  cerebral  hemisphere 
has  been  removed  might  only  be  expected.  Say  that  the  righi 
hemisphere  is  excised.  The  stimulus  of  the  applied  electrodes  is 
conveyed  up  to  the  left  hemisphere,  whose  motor  nerve  cells  are 
aroused.  Contraction  follows  consequently  in  the  muscles  on  the 
right  side. 

Literature  on  Diseased  Coiuiitiotis  of  the  Corpus  Callosum^  hearing  upon  Us  Can- 
Twctions  and  Function. — D'Alloco  (Glioma  Affecting) :  Riv.  clin.  e  tei-ap,  Naples,  xi. 
1889,  p.  169.  Anton:  Zeitschr.  f.  Heilk.,  vii.  1886,  p.  53  ;  also,  other  references 
in  same.  Berkley  (Tumour) :  Am.  Joum.  Ment.  So.,  Phila.,  xcix.  1890,  p.  578. 
Bruce  (Absence) :  Proc.  Roy.  Soc,  Edin.,  xv.  ;  also,  Rep.  Lab.  Roy.  Coll.  Phys., 
Edin.,  i.  1889,  p.  70.  Bruns  (Tumours  oO:  Berl.  klin.  Wochnscbr.,  xxiii.  1886, 
pp.  340,  364.  Eichler  (Defect) :  Arch.  f.  Psychiat,  viii.  1878,  p.  355.  Hamilton 
(see  Refs.  under  Greneral  Literature  on  Anatomy  of  Nervous  System,  p.  655). 
Jeleersma  (Brain  without  C.  C.) :  Neurol.  Centralbl.,  ix.  1890,  p.  162.  Kor^nyi 
(Effect  of  Division) :  Arch.  f.  d.  ges.  Physiol.,  xlviL  1890,  p.  35.  Meyer  (Secondary 
Degenerations  of  Isthmus  of  Euceplialon) :  M^m.  Soc.  de  med.  de  Strasb.,  xxiL 
1884-85,  p.  145.  Onufrowicz :  Das  balkenlose  Mikrocephalengehim  Hofmao, 
1887  ;  also  (Absence  of),  Arch.  f.  Psychiat.,  xviii.  1887,  p.  305.  Pag^et  (Defect): 
Med.-Chir.  Trans.,  xxix.  1846,  p.  55.  Petrove  (Rare  Deposit  of  Fat  along) :  Boll, 
d.  r.  Accad.  med.-chir.  di  Xai)oli,  1889,  i.  p.  163.  PolUk  (Partial  Deficiency): 
Arch.  f.  Psvchiat,  xii.  1881,  p.  157.  Reinhard  (Funct.  of  Corp.  Call,  illustr.  by  a 
Lesion):  Centralbl.  f.  Nervenheilk.,  viii.  1885,  p.  49.  Sander  (Defect):  Arch.  f. 
Psychiat.,  i.  p.  135.  Schaad :  Ein  Fall  von  Gliom  des  Corpus  callosum,  1888. 
Schroeter  (Abnormally  Short):  Allg.  Ztschr.  f.  Psychiat.,  xliv.  1888,  p.  408. 
Urquhart  (Defect) :  Brain,  1880. 


Question  of  Direct  Course  of  Pyramidal  Fibres, 

From  the  results  of  experiments  made  upon  the  cortex  it  is  evident 
that  the  pyramidal  fibres  are  derived  from  a  wide  area,  so  wide  that 
it  is  a  question  difficult  to  answer  how  it  is  that  they  become  so  con- 
centrated at  the  point  of  decussation  in  the  pyramids.  The  general 
notion  at  the  present  day  is  that  the  fibres  issuing  from  the  cells  of 
the  cortex  in  the  area  from  which  they  are  derived  pass  continuously 
and  without  interruption  into  the  spinal  cord.  This  is  open  to 
question,  for  interweaving  itself  throughout  the  cortex  of  the  cerebrum 
and  cerebellum  there  is  a  dense  plexus  of  nerve  fibres  apart  from  those 
fibres  directly  issuing  from  the  nerve  cells.  It  was  described  by 
Butzke,  Boll,  Gerlach,  Rindfleisch,  and  more  especially  by  Exner  (No. 
12,  Ixxxiii.  Ab.  III.  H.  1-5,  1881,  p.  151),  and  is  seen  only  when 
stained  by  particular  methods. 

This  plexus,  however,  is  not  confined  to  the  cortex  of  the  cerebrum. 
It  is  continued  inwards  and  twines  itself  around  the  nerve  fibres 
throughout  a  great  part  of  the  white  matter.  The  large  medullated 
nerve  fibres  from  the  cortex  run  into  the  white  matter,  and  become 
surrounded  almost  immediately  by  a  dense  padding  of  this  nerve 
network.  The  cortical  plexus  is  a  mere  outcrop  of  this.  The  appear- 
ance presented  by  it  in  the  centrum  ovale  a  short  way  within  the 
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cortical  gray  is  very  remarkable.  Between  the  fibres  and  filling  its 
meshes  is  the  granular  neuroglia. 

It  seems  likely,  as  Hill  suggests,  that,  since  the  discovery  of  this 
plexus,  oiu*  whole  notions  of  what  are  known  as  nerve  centres,  and  of  the 
communication  that  exists  between  nerve  cells  and  fibres,  will  shortly 
be  revolutionised. 

One  of  the  possible  functions  exercised  by  it  may  possibly  be  that 
of  effecting  an  intercommunication  between  nerve  fibres  issuing  from 
the  cortex.  We  may  well  suppose  it  to  be  an  agent  of  reduction  and 
association,  a  means  whereby  the  action  of  the  many  fibres  coming  from 
a  particular  cortical  area  may  be  combined  and  correlated  in  the  few. 

We  can  thus  understand  how  it  comes  about  that  the  pyramidal 
fibres  are  contracted  to  so  slender  a  band  when  they  reach  the  medulla 
oblongata  and  cord. 

Probable  Origin  and  Meaning  of  the  so-called  Commissures 
AND  other  White  Tracts  of  the  Brain. 

927.  It  is  a  remarkable  fact  that  the  chief  white  tracts  of  the 
cerebrum  maintain  a  ring- like  arrangement  round  its  ventricular 
system  (Fig.  445,  III.  V.).  Thus  commencing  in  front  there  is  the 
genu  of  the  corpus  callosum,  with  its  two  pointed  extremities  abutting 
upon  the  anterior  commissure ;  below  this  the  anterior  commissure  (Fig. 
444,  A.  C).  Laterally  there  is  the  outer  capsule  (0.  C.)  continued 
into  the  parieto-occipital  band  (P.  0.  B.).  The  parieto-occipital  band 
again,  it  will  be  noticed,  circumvents  the  tip  of  the  posterior  horn  of 
the  ventricle  (Fig.  445),  and  is  continued  directly  into  the  splenium  of 
the  corpus  callosum  (C.  C).  The  ventricular  system  is  thus  enveloped 
in  a  continuous  ring  of  white  matter,  to  which  also  probably  belongs 
the  posterior  commissure. 

The  ventricular  cavity  of  the  brain  is  admitted  on  most  hands  to 
be  a  remnant  of  the  invertebrate  alimentary  canal.  Whether  it  has 
originally  been  an  oesophagus  or  a  stomach,  a  stomach  of  crustacean 
type,  need  not  engage  us  at  present.  The  probability  is  that  it  repre- 
sents what  was  originally  the  anterior  extremity  of  the  digestive  tract. 

In  accordance  with  this  it  comes  to  be  a  question  whether  the 
entire  commissural  system  and  its  adnexa  above  enumerated,  forming 
as  they  do  a  ventricular  ring,  do  not  correspond  simply  to  the 
oesophageal  ring  or  rings  of  the  invertebrate,  some  parts  of  the  ring 
being  much  evolved,  others  sunk  into  comparative  insignificance. 

Taking  this  view  of  the  matter,  the  two  inner  capsules  and  the 
cerebral  peduncles  would  represent  the  commencement  of  the  inverte- 
brate double  ganglionated  cord,  the  spinal  cord  the  same  continued 
backwards.  The  cortex  of  the  cerebrum  and  basal  ganglia  Vould,  under 
such  circumstances,  be  the  analogues  of  the  gray  ganglia  attached  to 
the  invertebrate  ring. 

It  is  of  course  impossible  in  a  work  such  as  the  present  to  adduce 
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evidence  bearing  upon  this  theory.  It  may  be  remarked,  however, 
that  the  author  has  never  seen  a  commissure  in  the  ordinary  acceptation 
of  the  term  in  any  part  of  the  central  nervous  system,  and  is  sceptical 
of  the  existence  of  such  a  structure.  The  combined  action  of  the 
two  halves  of  the  body  where  it  exists,  as  in  the  case  of  the  cranial 
nerves,  seems  to  be  attained  certainly  by  decussation  of  tracts  of  fibres, 
but  not  by  the  union  of  corresponding  nerve  cells  on  opposite  sides  of 
the  nervous  axis.  The  facts  of  aphasia,  indeed,  seem  to  point  to  the 
conclusion  that  many  of  the  most  important  functions  of  the  brain  are 
controlled  from  one  side  only. 
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CHAPTER  LXXXI 

THE    NERVOUS    SYSTEU— {Continued) 
Aphasia  (a</>a(ria,  speechlessness). 

Explanation  of  Terms, 

928.  The  term  aphasia  (Trousseau)  is  nowadays  mostly  applied 
in  a  generic  sense  to  express  partial  or  complete  loss  of  the  power  of 
speech  from  a  brain  lesion.  Where  the  loss  of  speech  is  due  to  peri- 
pheral causes  this  term  is  not  employed.  Broca  used  that  of  aphemia 
in  very  much  the  same  sense.  The  loss  of  speech  may  be  due  to  what 
Ross  (No.  532,  p.  5)  called  the  emisdve  department  of  the  speech 
mechanism,  or  to  what  he  designated  the  apperceptive  side  of  this 
mechanism.  The  former  is  motor,  and  is  usually  regarded  as  being 
caused  by  inability  to  co-ordinate  the  lingual  muscles  for  the  production 
of  articulate  sounds ;  it  is  known,  consequently,  as  ataxic  aphasia. 
The  latter  is  sensory,  and  to  it  the  designation  of  amnesic  aphasia 
is  often  applied.  Although  in  many  cases  these  two  forms  of  speech- 
lessness occur  separately,  yet  they  may  be  combined. 

Amnesic  aphasia,  however,  is  a  term  expressing  a  very  complex 
^oup  of  phenomena,  the  chief  of  which  are  the  following  : — 

(1)  Loss  of  the  memory  of  names,  more  particularly 
ordinary  nouns  and  proper  names. 

(2)  Paraphasia,  or  the  condition  in  which  the  wrong  word  is 
unconsciously  employed. 

(3)  Word-blindness,  where  the  individual  has  forgotten  the 
meaning  of  written  or  printed  symbols. 

(4)  Word-deafness,  in  which  the  person  fails  to  understand 
spoken  language. 

The  term  agraphia  is  employed  to  express  loss  of  the  power  of 
writing.  That  of  paragraphia  has  the  same  relative  significance 
as  paraphasia.  Fleury  applied  the  word  aphthongia  to  a  form  of 
aphasia  characterised  by  spasm  of  the  muscles  supplied  by  the  hypoglossal 
nerve  whenever  the  person  tries  to  speak.     Alalia  is  an  old  term  not 
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now  used,  and  which  had  very  much  the  same  significance  as  aphasia. 
Amimia  and  paramimia  are  employed  to  express  respectively  loss 
and  impairment  of  intellectual  pantomime;  alexia  and  paralexia 
loss  and   impairment  respectively  of  the  power  of  reading  aloud. 


Fig.  458.— Diaorammatic  Scheme  of  the  Mechanism  of  Speech  akd  or  Aphabio 
Conditions. 

(3f)  Motor  speech  area  leading  down  to  motor  nerve  nucleus  in  medulla  oblongata  and  efferent 
motor  nerve  (m) ;  (a)  acoustic  nerve  leading  up  to  acoustic  nucleus  in  medulla  oblongata,  and  to 
the  acoustic  area  (A)  in  the  first  temporal  convolution ;  (W)  writing  area  communicating  with  the 
motor  nucleus  in  the  medulla  oblongata,  and  with  writing  nerve  (w) ;  (V)  volitional  area  communi- 
cating with  the  writing  (W)  and  speaking  areas  (M) ;  (A)  acoustic  area  communicating  with  the 
volitional  area  (V),  and  with  the  speech  area  (M) ;  (o)  optic  nerve  communicating  with  the  optic 
area  (O)  in  occipital  lobe ;  (O)  optic  area  communicating  with  the  acoustic  area  (A)  on  the  one 
hand  and  the  writing  area  (W)  on  the  other. 

Finally,  by  asemasia  is  understood  loss  of  the  power  of  communi- 
cating thought  by  speech,  writing,  or  pantomime. 


The  Physical  Basis  of  Speech. 

929.  Through  the  repeated  stimulation  of  the  nerves  of  sight, 
hearing,  touch,  etc.,  a  particular  condition  of  the  cerebral  cortex  in 
relation  with  each  of  these  nerves  is  at  last  brought  about.     The  con- 
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dition  of  the  cortex  manifests  itself  functionally  as  a  mental  residuum 
or  memory  of  these  various  impressions.  Thus  we  become  mindful 
through  the  sense  of  vision  that  an  object  such  as  a  bell  has  a  particular 
shape,  that  it  possesses  a  movable  tongue,  etc. ;  through  the  auditory 
channels  that,  when  set  in  motion,  it  emits  a  particular  sound ;  and 
through  those  of  touch  that  it  has  certain  qualities  of  hardness,  etc. 

The  separate  memories  of  the  impressions  acquired  through  the 
senses,  however,  in  course  of  time  become  correlated  in  such  a  manner 
that  we  cannot  think,  say,  of  the  object  "bell"  without  insensibly 
associating  them  in  a  compound  image  or  concept.  There  must  there- 
fore be  a  close  commissural  interunion  of  the  various  parts  of  the 
cortex  where  these  mental  residua  or  impressions  are  stored.  Once 
obtained,  the  combined  image  may  be  recalled  through  any  one  of  the 
original  paths  whereby  the  impressions  have  been  conveyed.  Thus 
either  seeing,  hearing,  or  feeling  a  bell  is  sufficient  to  excite  in  con- 
sciousness the  notion  of  something  which  has  a  particular  shape  and 
structiu'e,  which  when  moved  emits  a  particular  sound,  and  which  has 
the  feeling  of  metallic  hardness  and  coldness. 

In  learning  to  speak,  a  child  comes  to  know  that  a  certain  articulate 
sound  corresponds  to  the  concept  it  has  formed  through  its  sense  channels 
of  this  object.  It  learns  this  sound  at  first  purely  through  imitation, 
and  in  coiu*se  of  time  associates  it  with  the  concept  of  the  object  "  bell." 
It  thus  becomes  possessed  of  the  auditory  memory  of  words,  or  rather 
of  the  particular  syllabic  sounds  which  constitute  compound  words. 

The  centre  in  which  these  word-memories  are  stored  must  therefore 
be  the  great  starting-point  of  language,  and  clinical  observation  tends 
to  show  that  it  resides  in  the  temporo-sphenoidal  lobe,  more  particularly 
in  the  posterior  two -thirds  of  the  first  and  possibly  of  the  second 
temporal  convolutions. 

In  learning  to  pronounce  the  word,  the  co-ordinating  centre  for  the 
oro-lingual  muscles  has  to  be  educated,  and  this  is  accomplished  by  co- 
ordinating for  syllables  first,  and  by  the  union  of  these  afterwards  into 
complex  words.  This  centre  corresponds  to  Broca's  convolution. 
In  the  production  of  the  vocal  part  of  language,  in  which  the  larynx  is 
largely  concerned,  the  laryngeal  centre,  lying  as  it  does  close  to 
Broca's  convolution,  must  similarly  become  an  educated  area ;  and  as 
the  vocal  and  labial  elements  of  voice  are  so  intimately  united,  there 
must  be  a  close  bond  of  union  between  the  two  corresponding  centres 
or  areas.  Any  dissonance  in  their  interaction  gives  rise  to  the  con- 
dition known  as  stammering. 

We  have  got  therefore  as  far  as  having  a  centre  for  auditory 
images  and  another  for  motor  images.  Let  them  be  represented  in  the 
accompanying  scheme  (Fig.  453)  by  the  letters  A  and  M,  and  let  the 
line  uniting  them  represent  the  connecting  fibres.^ 

^  In  constructing  this  scheme  the  author  begs  to  acknowledge  his  indebtedness  for 
many  suggestions  to  Lichtheim's  paper  on  ** Aphasia"  (Original  ref.  No.  517,  xv. 
1884,  p.  822;  Eng,  trand.  No.  621,  vii.  1886,  p.  433). 


CHAP.  Lxxxi  APHASIA  659 

As  time  goes  on,  however,  the  child  does  not  require  to  have  the 
object  presented  to  it  in  order  to  recall  the  appropriate  word.  It 
comes  to  be  able  to  do  so  at  will.  There  must  therefore  be  a  higher 
or  vclUiorml  centre  in  connection  with  the  auditory  centre  on  the  one 
hand  and  the  pronouncing  centre  on  the  other.  Let  Y  in  the  scheme 
represent  this  centre.  Its  exact  localisation  is  mere  matter  of  con- 
jecture as  yet,  but  possibly  it  may  be  widely  dififused  over  the  frontal 
and  prefrontal  regions.  Those  famous  for  command  of  an  extensive 
vocabulary  are  usually  characterised  by  the  great  development  of  these 
regions.^ 

The  next  step  in  the  mental  training  of  a  child  is  to  teach  it  to 
read.  This  also  at  first  is  purely  imitative.  The  child  is  told  that  a 
certain  symbol  stands  for  the  sound  corresponding  to  the  letter  "  A  " ; 
that  another  symbol  represents  "B";  and  that  the  combination  of 
the  two  forms  the  syllable  "  Ab.''  Further,  that  various  syllables  may 
be  combined  into  complex  words.  In  time  the  individual  letters, 
and  indeed  the  individual  syUables  of  a  complex  word,  lose  their  iden- 
tity, and  the  symbolic  representation  of  the  whole  word  is  what  is 
recognised. 

Now  there  is  a  pretty  strong  opinion  at  present,  both  in  this 
country  and  abroad,  that  word  images  are  perceived  like  other  visual 
images ;  that^  to  put  it  more  succinctly,  the  area  for  the  perception  and 
memory  of  word  images  is  alike  with  that  for  the  perception  and 
naemory  of  objects  in  the  material  world.  And  although  there  may  be 
a  difference  of  opinion  as  to  the  limits  of  that  area,  clinical  experience 
points  to  the  occipital  lobe,  or  the  cuneus,  as  being  largely,  if  not 
exclusively,  the  seat  of  it.  Let  0  in  the  scheme  represent  the  centre 
where  the  memories  of  such  symbolic  representations  of  words  are 
stored. 

As  it  is  entirely  through  hearing  that  their  significance  is  learned, 
it  follows  that  the  storehouse  for  auditory  memories  and  that 
for  the  memory  of  their  symbolic  equivalents  must  be  in  intimate 
relationship.  We  have  seen  previously  that  the  auditory  area  in  Man 
is  located  most  likely  towards  the  base  of  the  first  and  possibly  of  the 
second  temporal  convolutions.  Let  the  connection  between  it  and  the 
visual  area  be  represented  by  the  line  uniting  them  in  the  Figure.  Are 
there  structurally  any  grounds  for  believing  that  such  a  connection 
actually  exists  ? 

It  has  been  shown  previously  (p.  640)  that  through  the  occipito- 
parietal band  there  is  an  extensive  connection  between  the  occipital 
lobe,  the  temporo-sphenoidal  lobe,  and  the  island  of  Eeil ;  and  further, 
that  the  island  is  again  connected  to  the  third  frontal  convolution. 
It  has,  moreover,  been  demonstrated  that  the  third  frontal  and  oper- 
cular regions  are  extensively  united  with  the  temporo-sphenoidal  by 

^  Shakespeare  and  Sir  Walter  Scott  were  good  examples  of  this.  Out  of  a  possible 
number  of  English  words  amounting  to  between  90,000  and  100,000,  Shakespeare  uses 
about  15,000,  Milton  about  8000,  and  an  agricultural  labourer  about  300. 
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fibres  which  do  not  run  horizontally  as  those  of  the  occipito-parietal 
band  do,  but  by  others  which  descend  through  the  external  layer  of 
the  outer  capsule  and  the  white  substance  of  the  island.  There  is 
substantial  evidence  therefore  to  show  not  only  that  the  visual  cente*e 
in  the  occipital  lobe  is  bound  to  the  auditory  centre  in  the  temporo- 
sphenoidal,  but  that  these  further  are  in  close  relationship  with  Broca's 
convolution  and  the  opercular  region. 

In  the  normal  state  of  the  brain  the  impression  derived  from  the 
printed  or  written  word- symbol  in  reading  is  received  evidently  by 
the  occipital  lobe.  Thence  it  is  transferred  to  the  centre  for  auditory 
word -memories  in  the  temporo- sphenoidal  lobe  by  way  of  the 
occipito-parietal  band,  and  therein  is  properly  interpreted.  This  is 
evidently  done  by  an  effort  of  the  will,  for  it  is  the  experience  of 
every  one  that  it  is  possible  to  read  without  transforming  the  written 
symbols  into  their  corresponding  auditory  memories,  while  by  volun- 
tary concentration  we  can  overcome  this.  We  may  be  conscious  of  the 
eye  having  seen  the  s3rmbols,  but  their  translation  into  language  has 
entirely  failed.  The  significance  of  the  printed  or  written  symbol 
seems  to  be  perceived  only  when  it  has  aroused  the  corresponding 
auditory  memory.  The  stimulus  communicated  to  the  visual  centre 
alone  is  evidently  not  sufficient  to  accomplish  thia  Where,  so  to 
speak,  the  visual  impression  is  not  shunted  on  to  the  auditory  centre 
it  is  meaningless,  and  the  individual  is  suffering  from  temporary  word- 
blindness. 

The  last  stage  in  what  may  be  called  the  preparatory  or  funda- 
mental education  of  the  child  is  that  it  is  taught  to  write.  This,  at 
first,  is  purely  imitative,  but  gradually  the  centre  for  the  co-ordination 
of  the  muscles  concerned  in  writing  comes  to  be  under  the  control  of 
the  will. 

The  writing  co-ordinating  centre  is  represented  in  the  scheme  by 
W.  It  is  evidently  closely  associated  with  the  co-ordinating  centre 
for  speech  (M),  seeing  that  the  same  lesion  often  destroys  them  both. 
The  higher  connection  with  the  will  centre  (V)  is  represented  by  the 
line  joining  V  and  W. 


Ataxic  or  Motor  Aphasia. 

930.  Historical. — Ataxic  and  amnesic  aphasia  were  recognised 
clinically  in  this  country  by  Russell  and  other  physicians  long  before 
anything  was  known  of  their  pathology.  The  history  of  their  patho- 
logy commences  with  the  yeai-  1825,  when  Bouillaud  ^  collected  a  series 
of  cases  to  show  that  the  faculty  of  speech  resided  in  the  frontal  lobes. 
In  the  year  1836  M.  Dax,  in  a  paper  read  to  the  Medical  Congress  of 
Montpellier,  stated  as  a  result  of  his  researches  that,  where  speech 
was  lost  from  central  causes,  he  believed  the  lesion  was  invariably 

^  See  Bibliog.  for  historical  references. 
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found  in  the  left  cerebral  hemisphere  and   that   the   accompanying 
paralysis  of  the  right  side  of  the  body  is  consequent  upon  this.     This 
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Fio.  454. — Diagram  to  illctstrate  Aphasia,  according  to  Charcot,  modified  by  Starr. 
The  Concept  "  Bell." 

The  mental  image  of  the  bell  is  made  up  of  auditory,  tactile,  and  visual  memories  Joined  together 
by  association.  To  this  is  added  the  word-image  "  bell,"  made  up  of  the  memories  of  the  word  as 
heard  and  seen,  as  spoken  and  written.  Each  of  these  memories  is  associated  with  the  others,  and 
with  the  memories  forming  the  mental  image.  All  these  memories  together  form  the  concept. 
Such  a  concept  has  no  single  location.  It  may  be  destroyed  by  general  cortical  disease  (as  in 
paretic  dementia).  It  may  be  impaired  in  parts  (as  in  psychical  blindness  or  some  form  of  aphasia). 
It  may  be  seriously  impaired  by  lesions  involving  the  association  fibres.  The  centripetal  tracts 
horn  eye  and  ear,  and  the  centriftigal  tracts  to  mouth  and  hand,  are  also  shown  In  the  diagram. 

paper  for  long  lay  buried  in  the  annals  of  medical  literature,  but  was 
unearthed  years  afterwards  by  his  son  and  presented  to  the  French 
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Academy.  Bouillaud's  views  were  also  disinterred  from  the  oblivion 
they  had  fallen  into  by  Auburtin,  and  in  the  year  1861  were  brought 
by  him  before  the  notice  of  the  Anthropological  Society  of  Paris. 
Broca,  who  was  present  at  the  meeting,  had  a  patient  under  his  care 
at  the  time  who  had  been  aphasic  for  twenty-one  years,  and  who  was 
in  an  almost  moribund  state.  The  autopsy  proved  of  great  interest^  as 
it  was  found  that  the  lesion  was  confined  to  the  left  side  of  the  brain 
and  to  what  we  now  call  the  third  frontal  convolution.  Broca  was 
struck  with  the  coincidence,  and  when  a  similar  case  came  under  his 
care  some  time  afterwards,  imaware  of  what  had  been  done  by  Dax,  he 
postulated  the  conclusion  that  the  integrity  of  the  third  left  frontal 
convolution  and  perhaps  also  part  of  the  second  is  essential  for  speech. 
In  a  subsequent  series  of  fifteen  typical  instances  examined  it  was 
found  that  the  lesion  had  destroyed,  among  other  parts,  the  posterior 
third  of  the  third  frontal  in  fourteen.  In  the  fifteenth  case  the 
destruction  had  taken  place  in  the  island  of  Eeil  and  temporal  lobe. 
Among  the  first  confirmatory  cases  noticed  in  this  country  were  those 
carefully  annotated  by  Sanders,  one  of  which  happened  to  have 
implicated  the  island. 

Broca's  discovery  is  of  particular  interest  not  only  because  it 
served  to  localise  the  speech  centre,  but  because  it  is  the  first  instance 
of  cortical  localisation  on  record. 

Vital  Phenomena.  —  The  individual  is  speechless  but  not 
necessarily  wordless.  Emotional  words  such  as  oaths  or  words  which 
have  become  automatic  may  be  retained.  Sometimes  the  last  sen- 
tence uttered  by  the  individual  at  the  time  of  the  embolic  or 
apoplectic  insult  is  capable  of  being  repeated.  Again,  meaning- 
less syllables  such  as  "tin- tin -a- tin"  may  be  the  only  articulate 
sounds  the  person  can  utter.  At  the  same  time,  in  uncomplicated 
cases,  the  patient  imderstands  perfectly  what  is  said  to  him,  and  may 
otherwise  maintain  the  use  of  his  mental  faculties. 

Ordinary  thought  in  a  healthy  individual  is  usually  accompanied 
by  muscular  contraction  of  some  part  of  the  body.  We  see  this  daily 
in  the  gesticulations  of  a  person  speaking  excitedly  and  in  the  move- 
ments of  the  lips,  and  often  unconscious  utterance  of  articulate  sounds, 
in  deeply  introspective  individuals,  as  well  as  in  the  manifestations  of 
so-caUed  "thought-reading."  Bain  in  fact  takes  the  view  that  thought  is 
in  great  part  effected  through  internal  speech — that  is  to  say,  by  faint 
co-ordinate  contractions,  symbolic  of  ideas,  of  the  articulatory  muscles. 

In  most  cases  of  motor  aphasia  this  intellectual  pantomime  is 
retained.  The  patient  makes  strenuous  muscular  efforts  to  express  his 
ideas,  these  being  quite  clearly  present  to  him. 

In  some  instances,  however,  there  may  be  complete  amimia. 
When  this  is  so,  more  or  less  amnesia  or  sensory  aphasia  will  be 
found  combined  with  the  motor  defect.  Indeed  the  two  are  often 
associated  to  begin  with,  but  the  sensory  or  ingoing  phenomena  after- 
wards disappear.     The  hemiplegia,  as  a  rule,  is  slight  in  instances  of 
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pure  motor  aphasia.  Combined  sensory  and  motor  aphasia  is  probably 
always  present  in  cases  in  which  the  loss  of  speech,  if  persistent,  is 
accompanied  by  decided  hemiplegia  (Ross,  No.  532,  p.  10). 

The  hemiplegia  is  usually  a  well-marked  phenomenon.  In  the  vast 
majority  of  cases  it  is  right-sided.  This  is  owing  to  embolism  of  the 
middle  cerebral  artery  being  the  commonest  cause  of  aphasia,  and  to 
the  embolus,  for  some  not  very  evident  reason,  being  driven  into  the 
left  vessel  The  middle  cerebral,  it  will  be  remembered  (p.  609), 
supplies  the  third  frontal  convolution  posteriorly,  and  also  the  greater 
part  of  the  motor  area  of  the  cortex.  Hence  the  paralysis.  So 
severe  is  the  effect  of  stoppage  of  the  artery  at  its  origin  that  death  may 
ensue  within  a  few  hours.  It  is  seldom,  however,  that  this  happens, 
the  tendency  being  for  the  individual  to  recover  from  the  primary 
effects  of  the  obstruction.  In  most  cases  the  hemiplegia,  which  at  first 
may  have  been  complete,  is  partially  recovered  from. 

There  are  a  few  cases  on  record,  such  as  that  related  by  Kemonat 
and  Frebault  (No.  166,  No.  liii.  1881),  where  hemiplegia  has  been 
entirely  wanting.  After  death  the  chief  motor  centres  were  un- 
involved  in  the  softening  which  had  partly  destroyed  the  third  frontal 
If  the  injury  to  the  third  frontal  be  superficial,  as  in  that  caused  by 
a  spicule  of  bone,  this  is  the  usual  result. 

Motor  Aphasia  without  Lesion. — Functional  aphasia,  that  is 
to  say,  aphasia  without  any  perceptible  lesion,  occurs  after  an  epileptic 
attack  or  in  hysterical  women,  sometimes  in  hysterical  men.  A  com- 
plete and  sometimes  fatal  form  of  aphasia  without  structural  injury  is 
met  with  in  puerperal  women  and  in  others.  It  may  be  accompanied 
by  coma  and  other  signs  of  an  apoplectic  effusion.  The  brain  after 
death  is  found  to  be  free  from  any  recognisable  lesion.  It  is  possible 
that  this  remarkable  condition  is  to  be  accounted  for  by  temporary 
spasm  of  the  middle  cerebral  artery. 

Nature  of  Motor  Aphasia. — The  disease  is  usually  ranked 
along  with  locomotor  ataxia  as  one  of  simple  incoordination  of  the 
articulatory  muscles.  Boss,  however  (No.  532,  p.  97),  although  not 
denying  that  there  is  an  incoordination  of  action,  traced  the  loss  of  the 
power  of  articulation  to  a  true  paralysis,  and  explained  the  inco- 
ordination in  the  same  way  as  he  would  diplopia  resulting  from 
paralysis  of  certain  of  the  oculo-motors.  The  accompanying  hemi- 
plegia, he  says,  supports  this  view. 

Seat  of  Lesion. — As  stated  by  Broca,  the  classical  seat  of  the 
lesion  is  the  posterior  part  of  the  third  frontal  convolution.  The 
centre  concerned  with  this  form  of  aphasia  is  far  more  circumscribed 
than  that  for  any  of  the  amnesic  varieties.  As  shown  by  experi- 
ments, this  locality  and  the  neighbouring  base  of  the  ascending  frontal 
are,  in  the  monkey,  the  parts  of  the  cortex  concerned  with  the  move- 
ments of  the  tongue  and  lips.  Exner  (No.  546)  says  that  the  most 
intense  part  of  the  hypoglossal  field  in  the  cortex  lies  at  the  point 
where  the  second,  third,  and  ascending  frontal   convolutions   meet. 
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Thence  the  corresponding  fibres  pass  backwards,  according  to  Ray- 
mond and  Artaud  (No.  49,  1884),  and  join  the  knee  of  the  inner 
capsule.  They  run  down  in  the  cms  cerebri,  cross  the  middle  line, 
and  join  the  hypoglossal  nucleus  on  the  floor  of  the  fourth  ventricle. 

The  island  of  Reil  was  found  by  Broca,  Sanders,  and  Meynert  to 
be  largely  implicated  in  certain  cases.  The  destruction  has,  however, 
generally  extendednipwards  towards  the  third  frontal,  and  has  probably 
cut  across  the  fibres  issuing  from  it. 

There  is,  however,  no  authentic  case  on  record,  so  far  as  the  author 
is  aware,  where  a  pure  and  undoubted  motor  aphasia  has  resulted  from 
a  focal  lesion  of  the  inner  capsule,  cms,  pons,  or  medulla,  a  fact  which 
is  difficult  to  explain  and  is  well  worthy  of  investigation. 

Raymond  and  Artaud  have  brought  forward  some  doubtful  positive  evidence  on 
the  subject.  They  state,  however,  that  even  in  alleged  instances  of  motor  aphasia 
from  ii^jury  to  the  tract  and  not  of  the  centre,  the  power  of  speech  is  always  regained. 
Broadbent  has  endeavoured  to  explain  this  coincidence  through  a  path  comparatively 
seldom  used  being  opened  up,  namely,  that  running  across  the  corpus  callosum. 


Anatomical  Connections  of  the  Parts  concerned  with  Motor  Aphasia. 

The  fibres  issuing  from  the  third  frontal  convolution  seem  to  have 
wide  connections  with  distant  parts  of  the  brain.  Thus  we  saw 
previously  (Sect  924)  that  they  run  downwards  into  the  temporo- 
sphenoidal  lobe ;  backwards  through  the  intermediation  of  the  island 
of  Reil  to  the  occipital  lobe ;  and  forwards  to  curve  round  the  ventricle, 
to  cross  in  the  corpus  callosum,  and  to  enter  the  inner  capsule  of  the 
opposite  side.  Whether  any  of  them  pass  directly  backwards  into  the 
inner  capsule  of  the  same  side  is  not  quite  clear.  There  is  great  diffi- 
culty in  making  out  such  a  connection  by  any  method  of  investigation. 
The  direct  pyramidal  fibres  seem  to  be  derived  mainly  from  the  vertex 
and  from  the  lateral  aspect  of  the  hemisphere  for  about  two-thirds  of  its 
extent  in  a  direction  downwards  from  this.  They  also  seem  to  come 
from  the  convolutions  lying  on  the  mesial  aspect  of  the  hemisphere. 

Do  the  fibres  derived  from  the  third  frontal  convolution  pass  down 
continuously  into  the  pons  and  medulla  ?  It  seems  very  doubtful  if 
they  do.  The  greater  part  of  them,  after  entering  the  anterior  limb 
of  the  capsule,  seem  to  end  in  the  large  ganglia  in  this  neighbourhood. 
How  it  is  that  they  become  connected  with  the  nuclei  of  the  motor 
glosso- labial  nerves  is  difficult  to  explain,  for  were  the  connection 
direct  and  continuous,  it  would  be  expected  that  motor  aphasia  would 
be  of  common  occurrence  from  destructive  lesions  in  parts  below  the 
basal  ganglia.  We  know  that  the  opposite  is  the  case ;  indeed  it  is 
doubtful  if  a  true  motor  aphasia,  or  anything  approaching  to  it^  has 
ever  resulted  from  a  lesion  of  the  pons  even  where  both  sides  have 
been  equally  affected. 

Bilateral  Effect. — The  ordinary  movements  of  the  mouth  and 
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tongue  appear  to  be  regulated  from  both  oro-lingual  centres,  that  of 
speech  from  only  one.  In  right-handed  individuals  the  left  centre  is 
apparently  that  which  is  educated  for  speech  purposes.  This  at  any 
rate  is  the  general  supposition.  In  persons  who  are  left-handed  the 
lesion  has  been  found  on  the  right ;  but  Paget  (No.  6,  1887,  ii.  p.  1258) 
recorded  a  case  where  right  hemiplegia  and  motor  aphasia  were  present 
in  a  left-handed  individual,  and  where  presumably  the  lesion  must 
have  been  on  the  left  side.  There  is  a  remarkable  dearth  of  evidence, 
it  must  be  confessed,  as  to  the  effects  of  focal  destructions  of  the  right 
third  frontal  convolution,  owing  to  its  being  very  rarely  injured  by 
embolism. 

It  has  been  suggested  by  H.  Jackson  that  the  mechanism  for 
expression  of  oaths  and  other  recurring  utterances  may  be  localised  in 
the  general  motor  centre,  and  be  thus  preserved  to  the  individual 
when  that  for  intellectual  language  is  destroyed. 

So  far  as  known,  recovery  of  function  is  never  attained  after  the 
destruction  of  Broca's  convolution  in  adult  life.  In  children,  on  the 
contrary,  recovery  is  the  rule,  the  explanation  usually  afforded  being 
that  the  right  centre  takes  on  the  function  of  the  left.  Partial  recovery 
of  speech  in  the  adult,  however,  has  occasionally  been  noticed  (B.  Tuke, 
Fraser,  Ferrier). 

On  turning  back  to  Fig.  435  it  will  be  seen  that  the  third  frontal 
convolution  is  placed  peculiarly,  in  that  it  is  not  an  isolated  centre 
but  overlies  parts  of  importance.  These  are  the  outer,  middle,  and 
inner  callosal  tracts  (see  Sect  924),  and  farther  back  the  conjoined 
band,  into  which  the  first  and  second  of  these  merge.  The  meaning 
of  these  tracts  is  as  follows  : — 

The  outer  and  middle  are  composed  of  the  fibres  which  have 
already  crossed  in  the  corpus  callosum,  and,  having  circumvented  the 
anterior  horn  of  the  lateral  ventricle,  are  now  tiu*ning  backwards  to 
enter  the  inner  capsule.  Before  entering  the  capsule,  however,  they 
unite  in  the  above-mentioned  conjoined  band.  To  this  conjoined  band 
are  also  superadded  fibres  which  probably  are  derived  from  the  frontal 
lobe  of  the  same  side,  and  which  become  united  to  the  basal  ganglia 
without  crossing. 

The  inner  tract  is  composed  of  the  fibres  of  the  frontal  region 
which  are  about  to  cross  in  the  corpus  callosum,  and  of  those  which 
have  already  crossed  and  which  are  about  to  turn  round  the  ventricle. 
The  latter  split  into  the  tractus  externus  and  medius. 

It  will  be  noticed  that  the  gray  matter  of  the  third  frontal  con- 
volution closely  overlies  these  tracts,  and  it  is  evident^  therefore,  that  a 
deep  penetrating  lesion  of  the  neighbourhood  of  the  third  frontal,  such 
as  usually  follows  embolism  or  is  the  result  of  a  focal  heemorrhage, 
would  destroy  not  only  the  fibres  issuing  from  the  third  frontal  of  the 
same  side,  but  would  also  cut  across  those  fibres  of  the  same  neigh- 
bourhood which  have  crossed  in  the  anterior  extremity  of  the  corpus 
callosum.     What  the  exact  effect  of  this  must  be,  seeing  that  we  know 
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nothing  of  the  function  of  these  decussating  fibres,  remains  dubious. 
Whether  they  constitute  the  ordinary  path  for  the  regulation  of  the 
oro-lingual  muscles  in  speech,  or  whether  this  path  lies  directly  back- 
ward on  the  same  side  towards  the  inner  capsule,  remains  unknown. 
As  previously  stated  (p.  664),  the  left  third  frontal  region  alone  seems 
to  regulate  the  movements  of  these  muscles  for  articulate  sounds ;  and 
indeed  the  phenomena  of  sensory  aphasia  are  also  usually  called  forth 
by  a  left-sided  lesion.  Whether,  however,  these  fibres  which  cross  in 
the  corpus  callosum  to  gain  the  descending  paths  in  the  opposite 
internal  capsule  are  bound  up  with  the  movements  of  the  oro-lingual 
muscles  for  ordinary  purposes,  is  well  worthy  of  further  elucidation. 


Agraphia  (d,  priv.,  and  y/t)d<^,  /  wUe). 

931.  Pure  and  uncomplicated  agraphia  is  among  the  rarest  of 
morbid  speech  phenomena.  It  is  usually  complicated  with  motor 
aphasia  and  hemiplegia.  One  instance  of  pure  agraphia,  however, 
is  reported  by  Pitres  (No.  353,  No.  xi.  1884,  p.  855).  It 
occurred  in  the  person  of  a  man  thirty-one  years  old  who  had 
previously  been  syphilitic.  He  was  not  blind,  and  did  not  suffer 
from  word -deafness  or  word -blindness.  He  understood  everything 
that  was  said  to  him.  He  was  also  free  from  any  paralysis  of  the 
extremities.  This  man  could  draw  geometrical  figures,  sketches  of 
faces,  etc.,  and  he  could  copy  manuscript,  but  his  power  of  volitional 
writing  had  vanished. 

Pitres  distinguishes  three  forms  of  agraphia,  namely — 

(1)  A.  from  word-blindness,  where  the  individual  fails  to  copy  what 
is  put  before  him. 

(2)  A  from  word-deafness,  where  he  fails  to  write  to  dictation. 

(3)  Motor  agraphia  or  graphoplegia,  in  which  volitional  writing  is 
lost 

The  writing  centre  must  lie  very  close  to  Broca's  convolution, 
seeing  that  it  is  so  often  implicated  in  destruction  of  the  latter.  It  is 
reckoned  that  it  must  be  about  the  base  of  the  second  left  frontal 
convolution. 

Paragraphia  is  a  still  rarer  affection.  The  individual  im- 
consciously  writes  the  wrong  word. 


Amnesic  (Sensory)  Aphasia. 

932.  Historical. — English  physicians,  as  previously  referred  to, 
had  recognised  the  difference  between  motor  and  sensory  aphasia  long 
before  any  attempt  at  localisation  of  the  respective  lesions.  It  is  to 
Wernicke,  however  (No.  550),  that  we  are  indebted  for  the  knowledge 
that  the  lesions  in  the  two  cases  occupy  different  parts  of  the  cerebral 
cortex.     Kussmaul   (No.    206,  xiv.)   generally   gets    the    credit    of 
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describing  and  naming  the  varieties  known  as  "  word-deafness  *'  and 
**  word-blindnesa" 

Varieties. — As  before  mentioned,  the  term  "amnesic  aphasia" 
comprehends  several  diseased  mental  conditions  associated  with  speech, 
Tiamely — 

(1)  Loss  of  the  memory  of  names. 

(2)  Paraphasia,  or  the  use  of  wrong  words  unconsciously. 

(3)  Word-blindness. 

(4)  Word-deafness. 

It  is  seldom  that  these  occur  separately.  The  chain  which  links 
together  the  various  centres  concerned  in  their  production  cannot  be 
severed  without  deranging  the  whole  apperceptive  speech  mechanism. 
In  no  case  is  this  interdependence  better  exemplified  than  in  cases  of 
word-blindness  and  word-deafness. 


(1)  Loss  OF  THE  Memory  of  Words  (Amnesia  verbalis). 

933.  By  an  eifort  on  the  part  of  any  normally  -  constituted 
individual,  be  it  of  the  will  or  of  other  agency,  it  is  possible  to  recall 
the  memory  of  a  word  whose  sound  has  once  made  a  deep  impress 
upon  the  brain.  This  power,  as  every  one  knows,  sometimes  fails 
temporarily,  and  of tenest  when  the  brain  is  exhausted.  It  returns  with 
the  necessary  rest.  It  is  a  power  which  apparently  diminishes  with 
old  age.  Its  loss  amounts  to  a  truly  diseased  state  in  certain  brain 
lesions  of  no  very  constant  location.  The  word  can  in  most  cases  be 
recalled  by  the  sight  of  the  written  or  printed  symbols  corresponding 
to  it. 

Broadbent  (No.  521,  i  1879,  p.  496)  asserts  that  sometimes  concrete  nouns  are 
alone  forgotten,  but  Ross  (No.  532,  p.  110)  doubts  whether  this  can  be  so  without 
the  other  parts  of  speech  being  impaired. 

Broadbent  (loc,  cit)  also  draws  attention  to  a  frequent  variety  of  this  affection, 
namely,  where  names  are  more  or  less  remembered,  but  where  there  is  loss  of  the  faculty 
of  constructing  a  sentence  which  shall  convey  the  ideas  to  be  expressed  regarding 
them,  as  in  the  example,  '*  Brother,  brother — New  York — America — two  brothers  in 
America — letter. " 

The  site  of  the  lesion  associated  with  this  condition  is  unknown. 


(2)  Paraphasia. 

934.  As  an  example  of  what  is  meant  by  the  term,  the  following 
from  a  paper  by  Broadbent  (No.  521,  i.  1879,  p.  487)  may  be 
taken : — The  instance  occurred  in  the  person  of  a  man  who  eight  years 
previously  had  contracted  syphilis  and  had  become  suddenly  hemi- 
plegic.  He  was  asked  to  read,  "  You  may  receive  a  report  from  other 
sources  of  a  supposed  attack  on  a  British  Consul-General.  The  affair, 
however,  is  utterly  unworthy  of  consideration.     No  outrage  was  even 
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intended,  and  the  report  is  due  to  the  misrepresentation  of  facts.  The 
Odessa  line  is  again  working  properly."  It  was  read  by  the  patient 
slowly,  and  in  a  jerky  manner,  as  nearly  as  it  could  be  taken  down 
phonetically  thus :  "  So  sur  wisjee  coz  wenement  ap  ripsy  fro  fruz 
fenement  wiz  h  seconce  coz  foz  no  Sophias  &  thee  freckled  pothy 
conollied.  This  aflfaise  eh  oh  cont  oh  curly  of  consequences.  Uce 
sudos  val  oh  es  es  entain  ah  thee  enepol  &  oh  dee  ft  ah  messequence  oh 
coz  foz.     The  assoil  lens  Sl  puff  pifl  miss  corres  povety." 

Just  as  in  most  other  cases,  there  is  a  certain  imperfect  corre- 
spondence between  the  number  and  length  of  the  words,  but  otherwise 
no  resemblance  to  the  original. 

The  seat  of  lesion  causing  this  peculiar  state  is  as  yet  undetermined. 
West,  however,  quotes  a  case  (No.  59,  1885,  i.  p.  Ill),  combined  with 
complete  word-blindness  and  partial  word-deafness,  where  the  lesion 
was  situated  in  the  left  angular  and  supra-marginal  gyri  and  island  of 
Reil,  and  in  which  Broca's  convolution  and  the  two  capsules  were  pre- 
served while  the  first  temporal  convolution  was  deeply  undermined. 

The  term  paralexia  is  sometimes  applied  to  a  condition  such  as 
the  above  quoted,  where  the  paraphasia  is  manifested  on  reading 
aloud. 

(3  and  4)  Word-Blindness  (CjEcriAS  vkrbalis),  Kussmaul — Am- 

NESIK     VERBALE    VISUELLE ;     AND    WoRD-DeAFNESS    (SuRDITAS 

VERBALis),  Kussmaul. 

935.  By  the  former  of  these  terms  is  meant  the  loss  of  the  power 
of  interpreting  written  or  printed  symbols  while  vision  is  unimpaired. 
By  the  latter  is  indicated  a  loss  of  the  power  of  understanding  spoken 
language,  the  sense  of  hearing  not  being  defective.  They  are 
frequently  combined. 

In  the  word-blind  individual  the  meanings  of  printed  and  written 
symbols  of  speech  fail  to  arouse  the  idea  they  are  intended  to  convey. 
The  subject  of  it  may  be  seen  poring  over  a  newspaper  or  book  for 
hours  without  having  gained  any  idea  of  what  knowledge  the  printed 
symbols  convey. 

In  some  recorded  examples  there  was  marked  psychical  blindness 
along  with  word-blindness — that  is  to  say,  failure  to  interpret  the 
meanings  of  objects  seen.  Starr,  in  fact,  looks  upon  word-blindness 
simply  as  a  part  of  psychical  blindness. 

Curiously,  the  power  of  understanding  figures  sometimes  remains, 
and  the  individual  is  capable  of  adding  figures  correctly  together. 
(See  case  by  Suckling,  No.  6,  1886,  i.  p.  691.) 

In  the  word-deaf  individual  spoken  language  is  meaningless, 
although  written  symbols  may  be  interpreted.  Such  individuals  are 
often  supposed  to  be  deaf  or  mentally  wanting  from  the  unmeaning 
stare  with  which  they  respond  to  questions. 

The  lesions  in  both  of  these  conditions  have  as  yet  always  been 
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found  on  the  left  side.  In  eleven  instances  of  pure  word-blindness 
collected  by  A.  Starr  (No.  521,  xii.  1890,  p.  86)  the  lesion  was  found 
to  be  somewhat  irregularly  distributed.  The  angular  gyrus  was 
affected  in  five  cases,  the  occipital  lobe  in  five,  the  temporal  convolu- 
tions in  three,  the  inferior  parietal  region  in  three,  and  the  supra- 
marginal  gyrus  in  two.^  The  convolutions  lying  at  the  base  of  the 
temporo-sphenoidal  lobe  seem  from  this  and  other  analyses  to  be  those 
most  frequently  implicated — that  is  to  say,  the  angular  and  supra- 
margijial  gyri,  together  with  portions  of  the  origins  of  the  first  and 
second  temporals. 


Fio.  455.— Lbit  Cbbbbral  Ubmisphbre  from  a  Case  op  Word-Deafness  showing  Destruction 
OF  THB  Inferior  Parietal  Lobule  and  Posterior  Part  of  First  Temporal  Gyrus 
(Wiglesworth). 

In  seven  examples  of  pure  word-deafness  collated  by  A.  Starr 
(No.  521,  xii.  1890,  p.  86),  the  lesion  was  limited  to  the  first  and 
second  temporal  convolutions  in  their  posterior  two-thirds.  From 
accumulated  instances  of  the  condition,  the  generally-accepted  con- 
clusion is  that  the  posterior  half  of  the  first  temporal  convolution  is 
that  which  is  oftenest  the  seat  of  destruction. 

*  By  ** inferior  parietal  region"  he  means  the  portions  of  the  gyri  siipra- 
marginalis  and  angularia  included  between  Pg  and  P^'  in  Ecker's  side  view  of  the 
cerebral  hemisphere  (see  Fig.  427),  bounded  above  by  the  interparietal  sulcus  and 
below  by  the  first  temporal  sulcus. 
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The  Mechanism  of  Word-Deafness  and  fFord-Blindness, 

The  occipito-temporal  system  subservient  to  speech  is  composed 
essentially  of  four  parts,  namely  :  (1)  the  visual  centre  in  the  occipital 
lobe;  (2)  the  auditory  centre  in  the  temporo-sphenoidal  lobe;  (3) 
the  fibres  of  the  occipito-temporal  band  uniting  these ;  and  (4)  the 
peripheral  apparatus  (optic  nerve,  tract,  and  cerebral  expansion,  and 
auditory  nerve  and  cerebral  expansion)  serving  to  connect  the  optic 
and  auditory  centres  with  the  outer  world.  There  are  also  four  sets 
of  phenomena  through  the  perception  of  which  a  destructive  lesion 
in  these  four  individual  parts  may  be  localised. 

If  the  occipital  lobe  on  one  side  be  destroyed,  more  or  less  cortical 
blindness  will  result ;  if  on  both  sides  the  individual  is  psychically 
blind.  In  the  former  case,  visual  memories,  although  blunted,  are  not 
entirely  forgotten,  and  can  be  aroused  through  channels  other  than 
the  optic ;  in  the  latter,  not  only  is  the  individual  blind,  but  visual 
memories  fail  to  be  stimulated  through  any  other  path.  Thus,  in  the 
former  case  (cortical  blindness)  there  would  be  hemianopsia  with  an 
ill-defined  separation  between  the  dark  and  the  illumined  half  of  the 
field  of  vision ;  a  pencil  of  light  let  fall  on  the  paralysed  side  of  the 
retina  would  still  cause  contraction  of  the  pupil;  and  the  visual 
memories  connected  with  an  unseen  object  like  a  bell  could  readily 
enough  be  aroused  by  sounding  it.  In  the  latter  case  (psychical 
blindness),  although  the  pupil  reflexes  remain,  the  perception  of  colour 
and  even  of  light  has  most  likely  gone,  and,  moreover,  the  sound  or 
feeling  of  an  object,  say  a  bell,  fails  to  arouse  recollection  of  what 
that  object  is  like. 

If,  on  the  other  hand,  the  individual  fail  to  see  an  object,  but  if 
the  visual  memory  of  that  object  can  be  recalled  through  the  other 
senses ;  if,  for  instance,  the  individual  cannot  see  a  bell,  but  if  the 
sound  given  out  from  it  recall  the  memory  of  what  a  bell  is  like,  then 
the  defect  is  not  in  the  visual  area  of  the  occipital  lobe,  but  in  the  con- 
ducting paths  leading  up  to  it.  We  see  this  condition  illustrated  in 
a  person  who  has  become  blind  late  in  life.  It  is  rendered  possible  by 
the  intimate  relationship  subsisting  between  the  centres  of  special 
sense ;  for,  granted  that  a  particular  sense  centre  (such  as  the  visual) 
is  not  annihilated,  the  particular  memories  stored  up  in  it  can  be 
aroused  through  many  different  paths  besides  that  in  most  direct 
communication  with  the  periphery. 

It  would  seem  that  ordinary  sounds  are  perceived  and  their 
memories  stored  up  probably  on  both  sides  of  the  brain.  Word- 
memories,  however,  so  far  as  clinical  experience  teaches  us,  are 
retained  only  on  the  left  side.  When  the  word-memory  centre, 
situated  as  it  is  somewhere  about  the  posterior  two-thirds  of  the  first 
and  second  temporal  convolutions,  is  entirely  destroyed  the  individual 
suffers  from  a  condition  which  might  be  called  psychical  word- 
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deafness — that  is  to  say,  spoken  language  has  no  meaning,  written 
or  printed  symbols  are  also  meaningless,  and  the  word-memory  cannot 
be  recalled  through  any  other  path.  The  apparatus  in  which  the 
auditory  memory  of  words  has  been  stored  up  is  destroyed,  and  hence 
neither  the  spoken  words  themselves  nor  their  equivalent  symbols  are 
capable  of  arousing  that  memory.  (See  Case  No.  VII.  referred  to  by 
Starr,  No.  521,  xii  1890,  p.  100.) 

This  is  a  different  thing  from  pure  word-deafness.  In  pure 
word-deafness  the  auditory  centre  for  the  memory  of  words  cannot  be 
destroyed,  because  written  or  printed  symbols  may  still  recall  word- 
memories — that  is  to  say,  the  individual  is  not  necessarily  word-blind. 
(See  Starr's  risumi  of  cases,  No.  521,  xii  1890,  p.  86.)  Supposing 
it  to  be  the  case  that  the  word-memory  centre  is  confined  to  the  left 
side,  pure  word-deafness  can  be  accounted  for  on  the  supposition  of  a 
destruction  of  the  auditory  paths  leading  up  to  that  centre  rather  than 
on  one  of  destruction  of  the  centre  itself.  The  word-memory  centre 
can  still  be  aroused  through  paths  other  than  the  auditory,  and  hence 
it  cannot  be  annihilated.  The  word-deafness  lesion,  one  would  say,  a 
priori  must  resemble  the  blindness  resulting  from  interference  with  the 
optic  apparatus  leading  up  to  the  visual  centre  rather  than  that  caused 
by  destruction  of  the  visual  centre  itself. 

This  explanation  may  account  for  the  rarity  of  pure  word-deaf- 
ness. What  is  usually  called  word-deafness  is  not  this  condition  pure 
and  simple — that  is  to  say,  it  is  not  a  condition  in  w;hich  the  word- 
centre  can  still  be  stimulated  through  channels  other  than  the 
auditory  nerve,  but  rather  one  in  which  the  word -memory  cannot 
be  aroused  through  any  channel  whatsoever.  It  is,  in  fact,  a  con- 
dition of  psychical  word -deafness  analogous  to  psychical  blindness. 
The  word-centre  is  defunct,  and  consequently  the  word -memory 
cannot  be  recalled  by  any  path,  however  circuitous  and  indirect  it 
may  be. 

As  the  word-centre  is  obliterated,  the  individual  is  also  simul- 
taneously word-blind — that  is  to  say,  the  impress  made  by  the  printed 
or  written  symbol  upon  the  occipital  lobe  cannot  be  translated  into  its 
corresponding  acoustic  image. 

Such  i)er8ons  hear  well  enough.  It  is  not  the  hearing  of  the 
sound,  but  the  interpretation  of  its  significance  which  is  defective. 
The  left  side  of  the  brain  seems  alone  to  be  utilised  in  divining  the 
meaning  of  articulate  sound,  whereas  perception  of  ordinary  sound 
seems  to  be  common  to  the  two  sides,  and  the  area  concerned  with  it 
is  probably  wider  than  in  the  foregoing. 

Complete  severance  of  the  tract  connecting  the  visual  and  auditory 
centres  will  cut  off  the  path  whereby  the  impression  of  written  and 
printed  symbols  is  conveyed  to  the  temporal  convolutions  in  order  to 
arouse  the  corresponding  word-memory.  Pure  word-blindness  will 
arise  from  this  severance,  and  from  no  other  lesion.  Pure  word- 
blindness  is  not  usually  accompanied  by  hemianopsia.      Hence  the 
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occipital  lobe  caunot  be  the  seat  of  it.  A  lesion  a  short  way  in  front 
of  the  occipital  lobe — that  is  to  say,  in  the  line  OA,  Fig.  453^-or  any- 
where between  this  and  the  first  temporal  convolution,  is  that  which 
theoretically  might  be  expected  to  induce  pure  word-blindness.  As  a 
matter  of  fact  this  corresponds  with  the  area  most  often  implicated. 
As  previously  explained,  the  tract  which  is  severed  is  part  of  the 
occipito-parietal  band,  and  this  underlies  the  angular  gyrus  and  base 
of  the  temporo-sphenoidal  lobe  generally. 

This  condition  of  word-blindness  must  not  be  mistaken  for  one  of 
failure  to  recognise  the  object  itself.  Where,  for  instance,  the  printed 
or  written  word  "  bell "  fails  to  arouse  any  intelligent  meaning  in  the 
individual,  it  is  quite  possible  that  the  object  itself  would  instantly  be 
recognised.  The  reason  of  this  evidently  is  that  the  memory  of  the 
ordinary  proi)erties  of  an  object  derived  through  vision  are  stored  up 
in  the  occipital  lobe,  and  are  immediately  revived  on  the  object  being 
seen,  whereas  symbols  have  their  meaning  interpreted  only  on  being 
transferred  to  the  auditory  centre  in  the  temporo- sphenoidal  lobe. 
They  have  no  meaning  when  conveyed  elsewhere. 

So  extensive,  moreover,  do  the  connections  of  the  visual  centre 
seem  to  be  that  the  visual  memories,  say  of  a  bell,  may  be  aroused  in 
a  person  who  has  become  blind  late  in  life  through  many  other 
channels  than  the  optic  nerve,  as  by  causing  it  to  be  sounded  or  by 
allowing  the  individual  to  handle  it  On  the  contrary,  it  should  be 
remembered  that  if  the  visual  areas  are  destroyed  no  amount  of 
communication  through  other  paths  will  ever  revive  the  visual 
memories  of  the  body. 


Summary, 

Pure  word-blindness  may  be  regarded  therefore  as  due  to  a 
destructive  lesion  severing  the  fibres  connecting  the  visual  area  in  the 
occipital  lobe  with  the  auditory  area  in  the  temporo-sphenoidal  lobe. 
We  have  seen  that  these  connections  are  extensive,  and  that  they  pass 
under  the  angular  g3rrus  and  its  neighbourhood.  We  can  quite  well 
understand  that  on  account  of  the  extent  of  this  connection  the  lesion 
of  word-blindness  may  not  be  always  exactly  confined  to  one  small 
area,  and  that  the  greater  the  extent  of  the  destruction  the  more 
thorough  will  the  resulting  functional  defect  appear  to  be. 

Pure  word-deafnesS|  on  the  other  hand,  must  be  due  to  a 
severance  of  communication  with  the  periphery  somewhere  between 
the  auditory  nerve  and  the  word -memory  centre  in  the  temporal 
convolutions. 

Psychical  word-deafness,  or  that  condition  in  which  the  word- 
memory  cannot  be  aroused  through  any  channel,  must  be  due  to  a 
destruction  of  the  word-memory  centre  itself,  or  its  isolation  through 
separation  of  the  connections  it  possesses  with  other  parts. 
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Stammering. 

936.  The  speech  mechanism  consists  of  a  vocal  and  of  an  oral 
element  The  vocal  element  is  produced  in  the  larynx,  the  oral 
element  in  different  parts  of  the  mouth.  Thus  in  pronoimcing  the 
word  satisfy  ^  the  laryngeal  part  of  the  mechanism  comes  into  play 
when  pronouncing  the  a,  i,  and  y,  while  the  S,  t,  and  f  are  in  great 
part,  although,  in  the  case  of  the  t,  not  entirely  oral.  The  vocal 
sound,  as  in  the  production  of  the  a,  is  effected  by  the  approximation 
of  the  vocal  cords.  The  oral  part  of  the  mechanism  is  of  a  bifid 
nature.  The  oral  cavity  acts  as  a  resonator  whereby  the  vocal  sounds 
can  be  modified  in  tone  or  timbre  as  they  pass  through  it ;  while  by 
different  positions  of  the  tongue,  lips,  and  soft  palate  new  sounds  can 
be  originated. 

Normal  speech,  as  WyUie  remarks,  is  like  playing  the  violin.  It  is  a 
wonderfully  perfect  co-ordination  of  the  vocal  and  oral  parts  of  speech 
in  eliciting  articulate  language.  The  vocal  mechanism  may  be  compared 
to  the  bow  hand  of  the  violinist,  the  oral  part  to  the  string  hand.  In 
the  pronunciation  of  the  above  example  the  hissing  s  has  first  to  be 
set  off  towards  the  extreme  end  of  the  oral  cavity,  and  has  to  be 
followed  by  the  purely  vocal  a,  and  so  on  throughout  the  word. 
There  must  therefore  be  some  extraordinarily  complex  motor  co- 
ordinating mechanism  whereby  the  muscular  contractions  necessary 
for  the  vocal  and  oral  acts  are  correlated  and  combined.  ' 

Neil  Arnott  (No.  607)  appears  to  have  been  the  first  to  sug- 
gest that  stammering  was  caused  by  delayed  action  in  the  vocal 
mechanism,  and  his  views  have  been  accepted  and  amplified  in  later 
times  by  Melville  Bell,  Merkel,  Kussmaul,  and  Wyllie.  The  defect 
appears  to  be  one  of  true  incoordination  whereby  the  vocal  part  of 
speech  is  called  forth  with  difficulty.  This  supposition  is  supported 
by  the  fact  that  stammerers  have  no  difficulty  in  singing  or  intoning, 
in  which  the  greater  part  of  the  action  is  purely  laryngeal  They  are 
also  often  relieved  in  a  difficulty  by  pronouncing  a  word  such  as  also, 
in  which  the  initial  letter  is  purely  vocal — that  is  to  say,  the  initial 
a  has  the  effect  of  diverting  the  individual's  attention  to  the  vocal 
element,  and  thus  relieves  the  spasm  of  the  oro-linguals  or  throat 
muscles  as  the  case  may  be.  It  is  always  the  initial  syllable  of  the 
word  which  forms  the  stumbling-block,  and  whenever  the  individual's 
attention  is  directed  away  from  the  oro-lingual  or  guttural  muscles, 
which,  on  false  principles,  the  stammerer  overstrains,  and  is  fixed  upon 
the  laryngeal,  the  relief  is  immediate.  The  difficulty  may  also  be 
got  over  by  singing  the  first  syllable. 

The  spasm  appears  to  affect  one  of  two  regions.  In  most  stam- 
merers it  is  the  lips  which  are  the  seat  of  it,  and  the  difficulty  in  such 

^  The  author  begs  to  acknowledge  his  indebtedness  to  Dr.  Wyllie's  excellent 
exposition  of  the  subject  (No.  19,  xxxviL  1891,  p.  289  et  seq,)  for  these  and  other 
examples,  and  indeed  for  most  of  the  foUowing  information. 
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cases  is  most  felt  in  pronouncing  the  explosives  (p  and  b)  as  the 
initial  letters  of  a  word.  In  certain  cases  the  spasm  is  farther  back, 
in  the  false  vocal  cords  (Wyllie),  and  is  elicited  on  attempting  to  pro- 
nounce the  k  or  hard  ch  as  initials. 

In  the  treatment  of  this  distressing  ailment  the  evident  lesson  to  be 
learnt  from  the  study  of  its  pathology  is  to  direct  the  subject  of  it  to 
concentrate  as  much  attention  as  possible  upon  the  vocal  part  of 
speech,  and  thus  prevent  a  fruitless  overflow  of  energy  into  that  part 
which  is  more  exclusively  oraL 
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THE   NERVOUS   SYSTEM— (CWtnued) 

Diseases  of  the  Basal  Gangua. 

937.  The  commonest  of  these  are  hemorrhage,  embolic  softening, 
tumours,  etc.  What  the  effect  of  destructive  lesion  of  the  individual 
ganglia  in  Man  may  be  it  is  hard  to  say.  The  gray  masses  are  so 
closely  knit  with  the  descending  cortical  fibres  that  most  observations 
are  liable  to  be  vitiated  thereby. 

In  Man  the  greater  part  of  the  caudate  nucleus  appears  to  be 
inert  Nothnagel  (No.  13,  Ivii  1873,  p.  184)  discovered  what 
he  calls  a  "  nodus  cursorius  "  in  the  caudate  nucleus  of  the  rabbit  It 
lies  about  its  middle  and  towards  the  mesial  line.  When  it  is 
punctured  and  partially  destroyed  the  animal  shortly  begins  to  prance 
like  a  circus  horse.  The  author  has  seen  this  part  of  the  caudate 
nucleus  in  Man  entirely  scooped  out  by  an  old  softening  lesion  without 
a  single  motor  phenomenon. 

The  lenticular  nucleus  is  said  to  be  also  motor  in  its  function. 
But  how  is  it  possible  to  judge  of  the  effects  of  a  focal  lesion  of  a  part 
beset  with  fibres  coming  from  so  many  different  regions  ?  Its  supposed 
connection  with  bulbar  paralysis  is  described  elsewhere  (Sect.  683). 

The  thalamus,  when  the  seat  of  a  focal  destructive  lesion,  is  said 
to  be  accompanied  by  hemichorea  and  unilateral  shivering.  Posteriorly  it 
comes  into  such  close  relationship  with  the  optic  tract  that  interference 
with  the  functions  of  that  nerve  is  often  noticed  when  it  is  the  seat  of 
tumours,  etc. 

We  probably  understand  little,  if  anything,  as  yet  of  the  function 
of  this  ganglion.  It  is,  in  the  author's  opinion,  a  ganglion  essentially 
bound  up  with  the  corpus  callosum.  It  receives  a  large  proportion  of 
the  callosal  fibres  coming  from  the  opposite  hemisphere  (see  Sect  926). 

LUeratwre  on  Diseases  of  Basal  Ganglia. — Allan  (Softening  of  Corp.  Striat.  and 
Opt  Thai.) :  Lancet,  1885,  L  p.  797.  Bechterew  (Opt.  Thalanii) :  Arch.  f.  path. 
Anat,  ex.  1887,  pp.  102,  322.  Heboid  (Signs  of  Focal  Lesions  in  Piitamen  of 
Lenticular  Nncleus) :  Arch.  f.  Psychiat.,  xxili.  1891,  p.  447.     Moore  (Gummata  of 
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right  Corp.  Striat.):  N.  Y.  Med.  Journ.,  xliii.  1886,  p.  496.  Shaw  (Softening  of 
Corp.  Stnat.):  Med.  News,  Phila.,  xlviii.  1886,  p.  106.  Sinkler  (Cyst  of  Lentic. 
Nuc.) :  Journ.  Nerv.  and  Mental  Dis.,  N.  Y.,  xvii.  1890,  p.  419. 


Lesions  of  the  Inner  and  Outer  Capsules. 

938.  Little  or  nothing  is  definitely  known  of  the  effect  of  de- 
structive lesions  of  the  outer  capsule.  The  present  remarks  will 
be  directed  accordingly  to  the  inner  capsule  alone. 

There  seems  to  be  a  consensus  of  opinion  as  to  the  posterior  third 
of  the  posterior  limb  of  this  capsule  being  chiefly  sejtsorj/.  When  it 
is  destroyed  heniiansestliesia  of  the  opposite  side  of  the  body  follows.  The 
part  from  this  on  to  the  knee,  and  probably  a  short  way  in  front  of  it, 
contains  the  motor  fibres  descending  from  the  cortex  cerebri.  And 
they  are  so  arranged  that  in  all  probability  the  middle  third  of  the 
posterior  segment  transmits  the  fibres  connected  with  movements  of  the 
trunk  and  general  actions  of  the  upper  and  lower  extremities.  The 
anterior  third  possesses  fibres  bound  up  with  certain  movements  of  the 
hand  and  arm,  and  of  the  head  and  neck.  The  knee  and  adjoining 
part  of  the  anterior  limb  convey  those  fibres  concerned  with  facial 
expression  and  it  is  said  articulation,  together  with  those  for  special 
fine  movements  of  the  hand,  as  in  writing.  The  accompanying  scheme 
(Fig.  467),  according  to  Beevor  and  Horsley,  shows  the  respective 
seats  of  the  bundles  of  motor  fibres  descending  from  the  cortex 
within  the  inner  capsule. 

As  a  matter  of  fact  it  is  found  that  a  destructive  injiuy  of  the 
inner  capsule  in  the  anterior  two  thirds  of  the  posterior  limb  calls 
forth  a  purely  motor  crossed  hemiplegia ;  while  if  the  posterior  third 
of  the  same  is  also  implicated  a  paralysis  of  motion  and  of  sensation  of 
the  opposite  side  of  the  body  is  the  result. 

The  fibres  in  the  anterior  limb  are  in  all  likelihood  mostly  crossed 
callosal.  A  slender  band  seems  to  pass  backwards  from  the  prefrontal 
region  of  the  same  side  to  become  attached  to  the  thalamus  (Meynert's 
anterior  peduncle  of  the  thalamus). 

A  comparatively  small  lesion  in  the  capsule,  it  should  be  remem- 
bered, will  occasion  a  much  more  wide-spread  effect  than  a  lesion  of 
corresponding  size  in  the  cortex,  the  reason  being  that  the  descending 
fibres  at  this  point  are  concentrated.  It  is  followed  by  descending 
secondary  degeneration,  exactly  as  when  the  destruction  is  higher  up. 


Hemiplegia  (ij/xto-vs,  half ;  and  ttA^^cs,  a  stroke). 

939.  Definition. — A  conditimi  where  one  half  of  the  body  is  deprived 
of  motion  or  sensation^  or  of  both.  The  term  "  hemiansBsthesia  "  is  now 
usually  applied  to  the  paralysis  of  sensation. 

General  Vital  Phenomena. — It  should  be  remembered  that  in 
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hemiplegia  from  a  cortical  destruction  or  capsular  severance  the 
paralysis  of  the  face  is  on  the  same  side  as  that  of  the  body — that  is  to 
say,  on  the  side  opposite  to  the  lesion.  The  reason  is  that  apparently 
the  descending  cortical  fibres  connected  with  the  nucleus  of  the  portio 
dura  cross  the  middle  line  somewhere  about  the  middle  of  the  pons. 

The  paralysis  affects  chiefly  the  face  (its  lower  aspect)  and  the 
upper  and  lower  extremities.  The  muscles  which  do  not  become 
paralysed  are  those  of  the  eye,  neck,  and  trunk.  Those  muscles,  in 
fact^  which  act  bilaterally  escape.  The  explanation  generally  accepted 
of  this  peculiarity  was  given  by  Broadbent  (No.  148,  xxxvii.  1866,  p. 
477),  namely,  that,  in  the  case  of  those  muscles  which  act  bilaterally, 
the  nerve  nuclei  in  the  cord  and  medulla  are  so  connected  by  com- 
missures as  to  be  innervated,  practically,  from  both  sides  of  the  brain. 
They  act  pro  tanto  as  a  single  nucleus. 

Notwithstanding  that  nearly  the  whole  of  a  cerebral  hemisphere  may  be 
destroyed  and  the  pes  pedunculi  on  the  same  side  entirely  annihilated  by  secondary 
degeneration,  Bechterew  (No.  517,  six.  1887,  p.  15)  has  shown  that  the  move- 
ments of  the  face  engaged  in  mimicry  may  remain.  This  can  be  explained,  he 
thinks,  on  either  of  the  following  suppositions:  (1)  from  the  innervation  being 
bilateral ;  or  (2)  from  there  being  motor  tracts  in  the  tegmentum. 

Rigidity. — When  the  injury  has  been  caused  by  a  haemorrhage 
the  muscles  of  the  afifected  side,  in  a  few  days  afterwards,  may  be 
found  in  a  rigid  condition.  This  is  known  as  early  rigidity,  and  is 
caused  by  the  irritation  of  the  effused  mass  of  blood.  It  disappears 
soon,  and  as  the  secondary  degeneration  of  the  pyramidal  tract  begins 
to  show  itself,  is  followed  by  a  late  rigidity  or  "  contracture  **  of  the 
paralysed  muscles.  As  a  rule  the  attitude  assumed  by  the  limbs  from 
the  latter  cause  \^  flexion  in  the  upper  and  extension  in  the  lower.  The  arm 
is  flexed,  pronated,  and  the  hand  bent  upon  the  forearm,  the  whole 
limb  being  thrown  across  the  chest.  This  late  contraction  in  course 
of  time  may  almost  completely  pass  off. 


Disease  of  the  Crusta  Pedis  Pedunculi. 

940.  It  is  within  the  crusta  or  superficial  under  aspect  of  the 
cerebral  peduncle  that  the  descending  fibres  are  contained.  None  of 
them  appear  to  be  sensory  (see  p.  719). 

Haemorrhage  takes  place  occasionally  into  it,  but  perhaps  the  com- 
monest lesion  is  softening  from  syphilitic  obliteration  of  the  blood- 
vessels. 

The  main  phenomenon  induced  by  a  destructive  focal  lesion  in  the 
neighbourhood  is  what  is  known  as  alternate  paralysis  (Gubler). 
It  ivill  be  remembered  that  the  fibres  of  the  third  issue  at  this  point. 
Arising  from  the  nucleus  on  the  floor  of  the  aqueduct,  they  bend  out- 
wards for  a  certain  distance,  and  interlace  with  the  fibres  of  the 
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superior  cerebellar  peduncle  as  they  are  passing  up  to  the  red  nucleus. 
They  subsequently  approach  the  middle  line  to  make  their  exit  between 
the  diverging  cerebral  peduncles.  Some  of  them  cross  to  the  opposite 
side. 

A  focus  of  destruction  in  this  locality  is  thus  liable  to  implicate 
the  roots  of  the  third  as  they  are  making  their  way  outwards,  so  that 
there  comes  to  be  a  paralysis  not  only  of  the  motor  fibres  descending 
to  cross  in  the  pyramids,  but  of  the  fibres  of  the  third  near  their  point 
of  issue.  The  consequence  is  that  while  the  opposite  side  of  the  body 
is  more  or  less  hemiplegic,  the  muscles  supplied  by  the  third  nerve  on 
the  same  side  of  the  body  are  also  implicated.  There  thus  results  an 
alternate  paralysi& 


Disease  of  the  Pons. 

941.  Tumours,  especially  caseous  tubercular  masses  and  gliomatay 
hasmorrhage,  softenings,  etc.,  are  the  usual  lesions  met  with  in  this 
situation.  The  tubercular  tumours  are  sometimes  very  large,  but 
curiously  do  not  always  occasion  motor  paralysis.  The  reason  for  this 
is  that  the  motor  fibres  are  stretched  around  them  but  are  not 
ruptured.  Where  they  involve  the  roots  of  the  fifth  nerve,  as  pointed 
out  by  McGregor  (No.  59,  1886,  ii.  p.  1127;  Ibid.,  1889,  i.  p.  1079), 
among  other  indications  of  their  site,  ulceration  of  the  cornea  is  often 
present  on  the  same  side  as  that  of  the  tubercular  focus.  Softenings 
and  other  destructive  affections  which  involve  the  roots  of  the  fifth 
usually  give  rise  to  intense  unilateral  neiuulgic  pain  extending  over 
the  head  and  face. 

The  gliomatous  tumours  spread  out  diffusely  in  the  substance  of 
the  pons,  and  hence  are  without  a  distinctly  defined  border.  They 
may  be  unilateral,  and  when  so  are  productive  of  much  deformity. 

Sudden  haemorrhage  into  the  pons,  if  of  any  size,  tends  to 
rupture  into  the  fourth  ventricle,  and  when  so  brings  about  a  rapidly 
fatal  result.  One  sign  of  it  is  contraction  of  the  pupils  and  immobility 
to  light  reflexes. 

AVhen  a  focal  destructive  lesion  is  located  in  the  pons  the 
paralytic  phenomena  which  ensue  depend  greatly  upon  the  site.  The 
motor  fibres  of  the  cerebral  cortex  connected  with  the  nucleus  of  the 
portio  dura  appear  to  cross  about  its  middle  (see  Hemiplegia)  in  their 
descent.  If  the  area  of  destruction  is  situated  laterally  in  the  upper 
half  of  the  pons,  the  descending  fibres  for  the  extremities  and  those 
for  the  portio  dura  will  be  nipped  across  consequently  before  they  have 
decussated,  and  a  complete  crossed  hemiplegia  will  follow.  In  the  lower 
half  of  the  pons,  however,  the  cortical  fibres  to  the  portio  dura  have 
already  crossed,  while  those  for  the  extremities  have  not  If  the  focal 
lesion  be  situate  here  it  will  give  rise  accordingly  to  an  alternate 
paralysis  of  the  muscles  innervated  by  the  portio  dura  and  those  of  the 
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extremities.    The  face  will  be  paralysed  on  the  same  side  as  the  lesion, 
the  extremities  on  the  opposite. 

As  afterwards  detailed  (Sect  955),  destructive  lesions  of  the  lower 
half  of  the  pons  are  liable  to  be  followed  by  conjugate  deviaiion  of  the 
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Fio.  466.— Tubercle  of  the  Pons  (x800  Diamh.) 

(a)  Central,  very  caseous  part ;  (b)  part  around  this  less  caseous  and  granular ;  (c)  giant  cell 
in  cellular  part  (d)  as  yet  Aree  flrom  caseation ;  («,  e)  capeule4ike  condensed  tissue  at  margin ; 
(/f  /)  secondary  tubercles  formed  fh)m  the  primary  large  growths  (Hsematoxylene  and  Eosin, 
Clarified). 

eyeballsy  owing  to  paralysis  of  the  co-ordinating  centre  in  the  vicinity 
of  the  abducens  nucleus.  The  deviation  is  towards  the  sound  side. 
When,  however,  the  centre  is  merely  stimulated,  the  deviation  may 
be  towards  the  injured  side. 


680  THE  NERVOUS  SYSTEM  part  iv 

Disease  of  the  Semicircular  Canals,  Cerebellum,  and  Olivary 
Bodies — Disturbance  of  the  Function  of  Equilibration. 

942.  Anatomical  Connections. — Both  Deiters  and  Meynert  have  made  out  a 
close  anatomical  connection  between  the  cerebellum  and  olivary  bodies.  The  connec- 
tion, as  Meynert  remarks,  is  probably  crossed.  Unilateral  atrophy  of  the  cerebellum 
has  been  found  accompanied  by  atrophy  of  the  opposite  olive. 

The  superior  cerebellar  peduncle,  it  will  be  remembered,  after  issuing  from  the 
cerebellum  passes  under  the  posterior  couple  of  corpora  quadrigemina  in  a  mass  of 
fibres  which  on  cross  section  has  a  half-moon  shape.  Opposite  the  point  of  issue  of 
the  trochlearis,  fibres  begin  to  leave  it,  which  run  towards  the  middle  line  and  pass 
over  to  the  opposite  side.  This  forms  the  commencement  of  a  decussation  continued 
upwards  to  a  point  corresponding  to  the  posterior  aspect  of  the  anterior  couple  of 
corpora  quadrigemina.  According  to  Stilling,  Meynert,  Forel,  and  others,  the  de- 
cussation is  complete,  but  others,  such  as  Arnold  and  Mendel,  maintain  that  it  is  only 
partial.  However  this  may  be,  the  fibres  again  collect  themselves  into  a  compact 
bundle  in  the  neighbourhood  of  the  red  nucleus. 

The  theory  that  is  most  prevalent,  although  it  is  not  universal,  regarding  the 
relationship  of  these  fibres  to  the  ganglion  cells  of  the  red  nucleus  is  that  they 
become  united  to  them.  Forel  supposes  that  they  simply  surround  the  ganglion 
without  forming  an  attachment  to  its  cells  ;  that  fresh  fibres  arise  firom  it ;  and  that 
these  combine  with  the  ascending  peduncle  in  its  progress  upwards.  Thence  it  is 
difficult  to  follow  their  course.  Meynert  was  of  opinion  that  they  entered  the  inner 
capsule  and  formed  part  of  the  corona  radiata.  Fore],  on  the  contrary,  traces  them 
into  the  thalamus,  where  they  terminate  by  constructing  the  lanunee  meduUares 
lying  to  the  outer  border  of  that  body. 

The  points  of  origin  of  the  fibres  within  the  cerebellum  are,  to  say  the  least  of  it, 
as  yet  doubtfuL  Stilling,  for  instance,  limits  them  to  certain  definite  localities  of 
the  cerebellar  gray  matter ;  while  Vejas,  from  experimental  evidence,  comes  to  the 
conclusion  that  they  are  drawn  from  the  entire  cortical  gray  matter.  Bechterew, 
studying  the  matter  from  the  developmental  point  of  view,  makes' out  the  composi- 
tion of  the  peduncle  and  its  points  of  origin  to  be  a  more  complex  matter. 

Nature  of  Lesions. — Besides  cheesy  and  other  tumours^  the  cere- 
bellum is  sometimes  the  seat  of  a  foc4il  hemorrhage  or  an  abscess.  The 
abscess  usually  follows  in  the  wake  of  septic  ear  disease  (see  p.  573). 
The  cheesy  tumours,  which  are  usually  tubercular,  may  reach  the  size 
of  a  walnut  or  small  orange.  A  haemorrhage  into  the  middle  lobe  of 
the  cerebellum  proves  fatal  almost  always  within  a  matter  of  six  hours, 
often  much  more  rapidly.  This  is  to  be  accounted  for  by  the  sudden 
pressure  exerted  by  the  effused  blood  upon  the  vital  parts  on  the  floor 
of  the  fourth  ventricle. 

Functional  EfTect  of  Lesions. — It  has  long  been  known  that 
disease  of  the  internal  ear  is  often  accompanied  by  vertigo.  The  con- 
nection between  the  two,  however,  was  emphasised  by  M^ni^re  (No. 
204,  1861,  p.  29  et  seq, ;  see,  also,  Synopsis  of  Literature  by  Knapp, 
No.  553,  ii.  No.  1,  1871,  p.  229),  so  that  the  term  M^niire's 
disease  has  come  to  mean  a  form  of  giddiness  accompanied,  among 
other  things,  by  partial  deafness. 

Through  the  researches  of  Crum-Brown  (No.  5,  viii.  1874,  p.  327) 
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and  others  it  has  been  ascertained  that  the  semicircular  canals  act 
as  peripheral  sense  organs  affected  by  rotation.  Impressions  made 
upon  them  indicative  of  the  position  of  the  body  are  conveyed  through 
the  acoustic  nerves  to  the  brain.  One  of  their  great  functions,  accord- 
ingly, is  that  of  balancing  the  body  by  calling  into  requisition  the 
muscles  necessary  for  the  maintenance  of  the  erect  posture.  When 
the  semicircular  canals  are  diseased  or  when  the  acoustic  nerves  are 
divided  (Bechterew,  No.  169,  xxx.  p.  312),  the  power  of  balancing  the 
body,  as  might  be  expected,  is  much  interfered  with,  so  much  so  that 
an  animal  with  divided  acoustics  cannot  walk.  The  liquid  in  the 
canals,  by  its  inertia,  stimulates  their  epithelial  lining  when  movements 
are  made  in  certain  directions.  The  particular  canal  stimulated  affords 
an  indication  of  the  position  of  the  body.  The  vertigo  which  follows 
disease  of  the  semicircular  canals  or  division  of  the  acoustic  nen^es  is 
due  to  failure  to  perceive  this  stimulus. 

The  semicircular  canals,  however,  do  not  appear  to  be  the  only 
peripheral  structures  which  are  endowed  with  this  function.  From 
the  experiments  of  Christiani  (No.  554),  and  more  particularly  those  of 
Bechterew  (No.  169,  xxxi.  1883,  p.  479),  it  appears  that  the  gray 
matter  of  the  third  ventricle  also  plays  the  part  of  a  balancing 
organ.  When  diflFerent  parts  of  the  wall  of  the  third  ventricle  are 
injured,  the  same  difficulty  in  progressing,  from  loss  of  the  faculty  of 
balancing  the  body,  is  experienced.  Indeed,  it  is  just  a  question 
whether  the  walls  of  the  entire  ventricular  S3rstem  are  not  en- 
dowed with  the  power  of  indicating  position. 

At  the  autopsy  of  a  man  who  suffered  from  M^ni^re's  disease  the 
author  found  two  timiours  loosely  attached  to  the  choroid  plexus  and 
floating  freely  in  the  distended  lateral  ventricles.  There  was  no  dis- 
tinct evidence  of  disease  of  the  ear.  It  is  possible  that  the  two 
tumours  dangling  loosely  in  the  ventricular  liquid  may  have  stimulated 
the  epithelium  and  excited  symptoms  of  vertigo. 

Vertigo  may,  however,  also  follow  from  disease  of  the  centres 
which  receive  the  peripheral  stimuli  The  olivary  bodies  and  cere- 
bellum seem  to  be  the  two  centres  endowed  with  this  property. 
Bechterew  (No.  169,  xxix.  1882,  p.  257)  has  shown  that  when  the 
olivary  bodies  are  excised  experimentally,  the  animal  is  unable  to 
walk  from  the  disturbance  induced  in  its  balancing  functions.  If 
destroyed  on  one  side  only,  a  rocking  motion  follows,  with  an  inclina- 
tion towards  the  side  of  injury.  He  believes  that  the  olives  are  organs 
to  which  centripetal  tactile  impulses  are  conveyed  on  their  way  to 
what  he  regards  as  the  great  central  organ  of  equilibration,  namely, 
the  cerebellum. 

Similar  effects,  it  is  known,  result  from  destruction  of  the  cere- 
bellum itself  or  of  its  pedunclea  Indeed  one  of  the  chief  functions 
of  this  organ  appears  to  be  that  of  receiving  peripheral  impressions 
necessary  for  keeping  the  body  in  the  erect  position.  It  appears  to 
be  a  centre  in  which  impressions  received  from  the  inner  ear,  the 
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epithelium  lining  the  ventricles,  and  the  soles  of  the  feet  are  correlated 
and  adjusted  for  balancing  purposes. 

Disease  located  within  it  is  almost  always  followed  by  loss  of 
equilibrium.  Thus  the  presence  of  a  tumour  in  its  substance  usually 
gives  rise  to  a  reeling  or  staggering  gait,  with  a  tendency  to  fall  to  one 
side.  When  the  tumour  is  situated  in  the  upper  part  of  the  middle 
lobe  the  tendency  is  to  fall  backwards.  When  in  the  lower  part  of 
the  same  the  inclination  is  to  fall  forwards  or  to  revolve  round  a 
horizontal  axis.  When  in  a  lateral  lobe  the  person  falls  towards  the 
side  in  which  the  tumour  resides  (Ross).  Tonic  contraction  of  the 
muscles  of  the  neck  and  rotatory  movements  of  the  eyeballs  are  some- 
times noticed.  These  may,  however,  be  caused  accidentally  by  pressure 
on  adjacent  parts. 

Large  caseous  tumours  may  nevertheless  develop  within  a  lobe  of 
the  cerebellum  without  almost  a  symptom  to  indicate  their  locality, 
provided  their  growth  is  slow. 

Literature  on  Diseases  of  Cerebellum  (see  also  Tumours  of  Brain).  —  Becker 
(Lesion  of  Cerebellum):  Arch.  f.  path.  Anat.,  cxiv.  1888,  p.  173.  Bristowe 
(Tubercle) :  St.  Thomas*  Hosp.  Rep.,  1884,  xiv.  1886,  p.  81.  Broadbent  (Haemor- 
rhage in  Younff  Girl) :  Trans.  Path.  Soc.  Lond.,  xv.  1864,  p.  4.  Curschmann 
(Clinical  and  Experimental  on  Pedunculus  Cerebelli) :  Deut.  Arch.  f.  klin.  Med., 
xii.  1874,  p.  366.  Ebstein  (Osteoma) :  Arch.  f.  path.  Anat.,  xlix.  1870,  p.  145. 
Hebra  (Tubercle  in  Right  Hemisphere) :  Vierteljahrschr.  f.  Dermatol,  u.  Sypn.,  iii. 
1876,  p.  508.  Mosler  (Softening  in  Left  Hemisphere) :  Deut.  Arch.  f.  klin.  Med., 
XV.  1875,  p.  229.  Nothnag^el :  Berl.  klin.  Wochnschr.,  xv.  1878,  p.  205.  Ogilvie 
(Destruction  of  Right  Hemisphere) :  Brain,  viii.  1885-86,  p.  405. 


Diseases  of  the  Medulla  Oblongata. 

943.  Hsemorrhage  into  the  medulla  is  not  so  common  as  into  the 
pons.  Possibly  this  is  because  the  former  contains  much  more  fibrous 
tissue  than  the  latter,  which  acts  as  a  support  to  the  vessels. 

An  unusual  hardness  of  the  medulla,  almost  amounting  to  that 
of  cartilage,  is  met  with.     It  has  been  referred  to  by  Schroeder  v.  d.  . 
Kolk,  and  is  common  in  chronic  epileptics.     It  is  due  to  an  increase 
of  the  connective  tissue  naturally  present  in  the  medulla.     In  the 
neighbourhood  of  the  olives  it  is  prolific. 

The  laryng^eal  motor  and  sensory  disturtMuices  traceable  to  the  medulla 
oblongata  are,  according  to  Eisenlohr  (No.  517,  xix.  1887,  p.  814) — 

(1)  Those  resulting  from  bulbar  paralysis. 

(2)  Those  accompanying  multiple  sclerosis. 

(3)  Those  associated  with  locomotor  ataxia. 

(4)  Those  following  upon  circumscribed  diseases,  such  as  local  inflammations, 
embolism,  and  thrombotic  softening. 

The  tabetic  affections  are  primary  spastic  conditions  (laiyngeal  crises),  disturb- 
ances of  sensation  such  as  anaesthesia  of  the  mucous  membranes,  with  anomalous 
reflexes,  partial  paralysis  or  paresis,  and,  lastly,  atactic  affections  of  the  laryngeal 
musculature. 
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Olossa-ldbial  Paralysis, 
944.  Syn. — "Progressive  paralysis  of  the  tongue,  velum  palati, 
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Fio.  457.— Tbaksyerbe  Section  throcoh  Medulla  Oblokoata  about  the  Middle  of  the 

Olive.  (After  Schwalbe.) 
(n.  XII.)  Nucleus  of  hypoglosRus ;  (».  X.)  part  of  nucleus  of  vagus  rich  and  (n.  X'.)  part  of  nucleus 
of  vagus  poor  in  cells ;  {n,U)  nucleus  of  funiculus  teres ;  (XII.)  hypoglossal  nerve ;  (X.)  v^^s 
nerve ;  (n.am.)  nucleus  arabiguus  ;  (n.Z.)  nucleus  of  lateral  tract ;  (o)  olivary  nucleus ;  {o.a.l.)  outer 
accessory  olive  (Nebenolive) ;  (o.a.m.)  inner  accessory  olive ;  (n.g.)  nucleus  of  funiculus  gracilis ; 
(n.c.)  nucleus  of  ftinicnlus  cnneatus  ;  (g)  substantia  gelatinosa ;  (a.  V.)  ascending  root  of  the  6th ; 
(/.«.)  ftiniculus  solitarius  (respiratory  bundle) ;  (0  point  of  departure  of  the  tsenia  sinus  rhom- 
boidalis ;  {C.r.)  corpus  restifonne ;  {p)  anterior  pyramid  girdled  by  the  flbrse  arcifomies  extemee 
(f.a.e.\  which  in  part  sink  deeply  at  b,  and  which  partly  run  superficially  into  the  restiform  body 
at  Of  and  partly  sink  more  deeply  into  the  substantia  gelatinosa  at  g;  {p.o.l.)  pedunculus  olivse 
Joining  the  raph^  (r) ;  (F.r.)  formatio  reticularis ;  (/.l.a.)  fissura  longitudinalis  anterior ;  {n.ar.) 
nucleus  arcifonnis.  . 


and  lips  "  (Duchenne) ;  "  Labio-glosso-laryngeal  paralysis  "  (Trousseau) ; 
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"  Progressive  bulbar  paralysis  "  (Wachsmuth) ;  "  Amyotrophic  bulbar 
paralysis  "  (Ley  den). 

Vital  Phenomena. — These  consist  essentially  in  a  paresis, 
followed,  it  may  be,  by  a  paralysis  of  the  muscles  connected  with  the 
tonffue,  soft  pakUe,  lips,  and  possibly,  later  on,  of  the  pharynx  and  larynx, 
together  with  wasting  and  loss  of  reflex  excitability  of  the  muscles 
affected.  The  muscles  of  the  tongue,  as  a  rule,  are  first  involved. 
The  functions  most  disturbed  are  those  of  speech,  deglutition,  and 
respiration.  The  motor  oculi  muscles  may,  practically  speaking,  be 
said  always  to  escape,  and  sensory  complications  are  of  the  rarest 
occurrence.  The  advent  of  the  disease  is  usually  insidious,  and  the 
progress  of  the  malady  towards  a  fatal  issue  certain.  Death  is  seldom 
delayed  beyond  three  years  from  the  commencement  of  the  attack. 
In  a  large  proportion  of  instances  general  progressive  muscular  atrophy 
of  hands,  arms,  loins,  and  lower  extremities  ensues.  In  those  from 
which  it  is  absent  death  occurs  early  from  some  cardiac  or  other  com- 
plication. The  branches  of  the  facial  involved  are  those  going  to 
the  lips.^ 

The  paralysis  of  the  muscles  is  essentially  atonic ;  the  muscle  fibre 
becomes  soft,  limpid,  and  spongy,  and  contractures  are  absent  The 
muscular  atrophy  is  most  evident  in  the  tongue  and  lip  muscles. 

Sensibility,  intelligence,  and  the  functions  of  the  sphincters  usually 
remain  intact. 

Nature  of  Disease. — Duchenne  (see  Bibliog. )  was  the  first  to  describe  its  cliuical 
features.  When  the  lesion  causing  the  disease  was  discovered,  its  resemblance  to 
that  causing  progressive  muscular  atrophy  became  subject  of  note.  Duchenne 
regarded  them  as  separate  diseases,  although  he  confessed  that  they  sometimes 
occurred  in  the  same  subject.  He  never  admitted  that  there  was  atrophy  of  the 
labio-palato-glossal  muscles  in  bulbar  paralysis.  He  said,  "Bulbar  paralysis  is  a 
paralysis  without  atrophy ;  progressive  muscular  atrophy  an  atrophy  \nthout 
paralysis. " 

These  views  have  been  considerably  modified  by  further  experience,  and  even 
Duchenne  himself,  latterly,  in  a  manner  admitted  a  connection  bet^veeu  the  two. 
Opinion  at  the  present  day  is  pretty  well  that  of  Charcot  and  his  followers  (see  Pitres 
and  Sabourin,  No.  4,  vi.  1879,  p.  729),  namely,  that  bulbar  paralysis  is  the  result  of 
lesions  of  the  medulla  oblongata  identical  in  their  nature  with  those  of  the  spinal  cord 
which  n)iderlie  progressive  muscular  atrophy.  And  also  that  the  disease  is  of  two 
kinds— (1)  a  protopathic  form,  in  which  the  motor  cells  are  the  primary  seat  of  the 
degeneration ;  and  (2)  a  deuteropathic  form,  in  which  the  affection  of  the  motor 
cells  is  consecutive  to  a  primary  fasciculated  sclerosis  of  the  lateral  columns,  along 
with  destruction  of  the  nerve  cells  in  the  anterior  horn.*  The  muscular  atrophy  in 
bulbar  paralysis  is  secondary  to  the  degeneration  of  the  nerve  centres. 

^  There  is  a  difference  of  opinion  as  to  the  innervation  of  the  soft  palate.  Some  say 
it  owes  its  nerve  supply  to  the  portio  dura.  It  is  more  likely  traceable,  according  to 
W.  A.  Turner  (No.  6,  xxiii.  1889,  p.  628),  to  the  internal  branch  of  the  spinal  accessory 
(nervus  accessorius  vagi),  whose  fibres  are  distributed  along  with  certain  branches  of 
the  vagus. 

*  See  Amyotrophic  Lateral  Sclerosis. 
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The  Lesion. — The  minute  changes  are  as  follows: — The 
hypoglossal  nvdeus  is  the  one  upon  which  the  degeneration  chiefly 
takes  hold.  What  Duval  (No.  200,  September  1876)  has  described 
as  the  "  accessory  hypoglossal  nucleus,"  that  arm  of  gray  matter  which 
shoots  forwards  and  outwards  from  the  hypoglossal  nucleus  proper,  is 
usually  also  overtaken,  but  to  a  less  extent.  The  degeneration  of  the 
nerve  cells  is  ushered  in  by  a  deposition  of  pigment  aroimd  the 
nucleus,  a  destruction  of  the  processes  of  the  nerve  cells  next  takes 
place,  and  this  is  followed  by  a  shrinking  of  the  protoplasm  and 
ultimate  destruction  and  disappearance  of  the  entire  nerve  cell.  In 
evident  examples  of  the  disease  the  multipolar  cells  of  the  classical 
hypoglossal  nucleus  may  have  entirely  vanished,  while  a  few  remain 
in  the  accessory  nucleus  partially  invaded  by  the  degeneration. 

The  motor  cells  of  the  nuclei  of  the  pneumogastriCy  glossopharyngeal, 
and  spinal  accessory  are  more  or  less  affected  in  a  similar  manner.  The 
motor  cells  of  the  facial  have  sometimes  advanced  in  the  degeneration. 

As  before  remarked,  the  spinal  cord  is  often  involved,  and  here, 
as  in  the  medulla  oblongata,  it  is  the  motor  cells  which  have  mostly 
suffered.  The  posterior  cornua,  columns,  and  nerve  roots  are,  as  a 
rule,  remarkably  healthy.  Throughout  the  highest  levels  of  the  cord 
the  number  of  cells  implicated  may  be  small,  but  as  the  cervical 
enlargement  is  reached  the  destruction  may  possibly  be  so  vast  that 
there  are  areas  of  the  cord  in  which  hardly  a  multipolar  nerve  cell 
remains  in  the  anterior  horns.  In  the  dorsal  region  the  degeneration 
becomes  less  evident,  but  in  the  lumbar  enlargement,  again,  a  few 
diseased  cells  may  be  seen  in  each  motor  group.  Clarke's  columns 
remain  unimpaired  (Leyden). 

Along  with  the  degeneration  of  the  nerve  cells  in  the  cord  there  is 
often  degeneration  of  the  pyramidal  tracts.  The  degeneration,  accord- 
ing to  Leyden  (No.  517,  viii.  1878,  p.  654),  closely  resembles  that  of 
descending  secondary  degeneration  of  Tiirck  and  is  most  pronounced 
in  the  crossed  tract.  The  remainder  of  the  antero-lateral  column  may 
also  be  involved,  but  to  a  much  less  degree.  The  degeneration 
proceeds  upwards  as  far  as  the  middle  of  the  pons,  but  thereafter  is 
lost.  It  is  most  evident  in  the  cervical  enlargement  and  in  the 
higher  dorsal  levels,  but  may  extend  downwards  to  the  lumbar  region. 

The  spinal  nerve  fibres  involved  in  the  degenerated  tract  are 
atrophic  (Leyden),  their  transverse  measurement  is  diminished,  the 
medulla  is  reduced  in  bulk  or  absent^  and  the  axis-cylinders  are  thin 
and  never  swollen  as  in  true  sclerosis.  The  connective  tissue  is  con- 
verted into  a  fine-meshed  network,  which  in  cases  of  minor  intensity 
contains  oil  globules.  In  more  severe  cases,  compound  granular 
corpuscles  are  found  lying  in  the  degenerated  parts. 

The  fibres  of  the  hypoglossal  nerve  are  generally  the  seat  of  extreme 
fatty  degeneration.  The  myeline  becomes  segmented  and  absorbed 
in  places.  There  are  only  a  few  fibres  in  which  a  cylinder-axis  can 
be  clearly  made  out,  and  oil  globules  are  abundant.      Other  nerve 
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trunks  connected  with  the  paralysed  muscles  are  implicated  in  varying 


88. 

The  muscular  fibres  of  the  tongue  present  a  shrunken  appear- 
ance and  in  many  places  have  vanished.  The  spaces  left  between  them 
are  either  filled  with  fat  or  simply  with  increased  connective  fibrous 
tissue.  Other  muscles,  however,  in  addition  to  being  reduced  in  size, 
show  large  numbers  of  oil  globules  in  their  interior — a  true  fatty 
degeneration.     Pigment  granules  are  seen  in  and  around  them. 

The  Lenticular  Nucleus  and  Bulbar  Paraljrsis. — Many 
cases  are  now  on  record  where  the  disease  has  been  due  to  cerebral 
causes  (see  Ross,  No.  521,  v.  1883,  p.  145;  Rajnnond  and  Artaud, 
No.  528,  viL  1884,  p.  145 ;  and  others).  Eoss  draws  attention 
to  several  cases  where  the  lesion,  a  focal  apoplexy,  a  cystic  cavity, 
etc.,  was  located  in  the  lenticular  nucleus  or  in  both  lenticular 
nuclei.  He  supposes  that  the  path  between  the  cortex  cerebri  and 
medulla  oblongata  is  cut  across,  and  that  the  symptoms  are  due  to  this, 
not  to  the  damage  inflicted  on  the  lenticular  nucleus  itself.  There  is 
this  difference  in  the  character  of  the  disease  when  of  cerebral  origin, 
namely,  that  it  comes  on  suddenly  and  is  sometimes  at  first  associated 
with  aphasia  and  with  some  paralysis  of  the  extremities.  These 
epiphenomena,  however,  soon  pass  off. 

On  turning  to  p.  632  it  will  be  found  that  the  outer  capsule 
is  described  as  partly  composed  of  fibres  which  descend  from  the 
third  frontal  convolution  and  operculum.  Quite  possibly  it  is  by  press- 
ing upon  these  or  by  tearing  them  asunder  that  the  lenticular  nucleus 
origin  of  the  disease  is  to  be  accoimted  for. 

Literature  on  Bulbar  Para/}/^.— Adamkiewicz :  Charite-Aun.,  v.  1880,  p.  353. 
Bftumler :  Arch.  f.  Psychiat.,  viii.  1877-78,  p.  210.  Beevor  and  Horsley :  Brain, 
V.  1882-83,  p.  403.  Dejerine :  Arch,  de  physiol.  norm,  et  path.,  ii.  1883,  p.  180. 
Duchenne :  Arch.  g^n.  de  m^d.,  1860,  ii.  pp.  283,  431 ;  also  Reprint;  Ibid.,  i. 
1870,  639  ;  see  also  Collected  Works,  N.  Syd.  Soc.,  1883,  p.  143.  Duchenne  and 
Joffroy:  Arch,  de  physiol.  norm,  et  path.,  iii.  1870,  p.  499.  Duval  and  Ray- 
mond: Archives  de  physiol.  norm,  et  path.,  vi.  1879,  p.  735.  Freund :  Deut, 
Arch.  f.  klin.  Med.,  xxxvii.  1885,  p.  405.  Leyden :  Arch.  f.  Psychiat,  viii.  1878, 
p.  641.  Lichtheim  (Apoplectiform):  Deut.  Arch.  f.  klin.  Med.,  xviii.  1876,  p.  593. 
Maier:  Arch.  f.  path.  Anat,  Ixi.  1874,  p.  1.  Mann  (Apoplectic):  Brain,  viL 
1884-85,  p.  244.  Oppenheim  and  Siemerling :  Berl.  klin.  Wochnschr.,  xxiii..l886, 
p.  791.  Pitres  and  Sabourin :  Arch,  de  physiol.  norm,  et  path.,  vi.  1879,  p.  723. 
Kaymond  and  Artaud  (Cerebral  Origin) :  Arch.  d.  Neuroloffie,  vii.  1884,  p.  146. 
Ross  (Cerebral  Origin) :  Brain,  v.  1882,  p.  145.  Senator  (With  Sensory  Affection) : 
Arch.  f.  Psychiat.,  xL  1880,  p.  713.  Shaw  (B.  P.  without  Lesion  of  Medulla): 
Brain,  xiii.  1890,  p.  96.  Tooth  and  Turner  (Bulbar  Paralysis):  Brain,  xiv. 
1891-92,  p.  473.  WiUig^k  (Apoplectiform) :  Deut.  Arch.  f.  klin.  Med.,  xxii.  1878, 
p.  101. 


CHAPTER  LXXXIII 
THE  NERVOUS  SYSTEM— (Con/inti^d) 

Diseases  of  the,  Optic-conducting  Apparatus,  and  of  the 
Centres  connected  with  it. 

The  Optic  Connections. 

945.  There  is  perhaps  no  nerve  in  the  body  whose  origin  is  so 
subtle  and  diffused  as  the  optic.  Seeing  that  through  the  optics  a 
greater  number  of  impressions  are  conveyed  to  the  brain  than 
through  any  other  channel,  this  might  only  be  expected.  It  can 
be  said  without  eicaggeration  that  there  is  hardly  a  faculty  of  the 
brain  which  is  not  in  some  way  bound  up  with  the  sense  of  sight 

The  Chiasma. — In  Man  and  in  nearly  all  the  higher  mammals 
the  decussation  in  the  chiasma  is  incomplete.  The  direct  fibres  lie  at 
its  outer  and  upper  border.  Stilling  (No.  14,  xviii.  1880,  p.  472)  is  of 
opinion  that  the  uncrossed  fibres  are  just  about  as  numerous  as  the 
crossed.  This  is  not  the  general  opinion  at  the  present  day.  It  is 
usually  held  that  the  uncrossed  bundle  is  somewhat  smaller  than  the 
crossed.  The  uncrossed  fibres  supply  the  outer  aspect  of  the  retina, 
while  the  crossed  are  distributed  to  the  inner  and  posterior  regions. 

Ganglionic  and  Cortical  Origins. — The  origins  of  the  optics 
may  be  divided  into  two  sets — the  ganglionic  and  cortical.  By  the 
ganglionic  sources  of  origin  are  meant  those  which  are  rudimentary, 
and  which  are  found  to  be  common  to  the  whole  of  the  vertebrate 
kingdom ;  and  by  the  cortical,  those  which  apparently  are  superadded 
as  the  cortex  of  the  cerebrum  becomes  more  and  more  evolved. 


Ganglionic  Connections  of  Optic, 

946.  Before  v.  Gudden's  researches  on  the  terminations  of  the 
optic  nerve  were  published  (No.  518,  xx.  1874,  p.  249)  it  was 
customary  to  regard  the  optic  tract  as  being  connected  not  only  with 
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the  anterior  corpora  quadrigemina,  pulvinar,  and  external  geniculate 
bodies,  but  also  with  the  internal  geniculate  bodies  and  the  posterior 
corpora  quadrigemina.  By  the  peculiar  method  of  investigation 
which  bears  his  name,  v.  Gudden,  however,  made  out  that  the  primary 
optic  centres  are  to  be  looked  upon  solely  as  the  anterior  corpora 
quadrigemina,  the  corpora  geniculata  externa,  and  the  adjacent  parts 
of  the  thalamus  opticus.  He  afterwards  persuaded  himself  that  the 
corpora  geniculata  interna  and  the  posterior  corpora  quadrigemina 
have  no  connection  whatever  with  the  optics  (No.  517,   ii.   1870, 


Fio.  458.— Dissection  of  the  Ck^URSE  of  Optic  Tract. 
(ql.t.)  Olfibctory  tract ;  (o.w.)  optic  nerve ;  (t.c.)  tuber  cinereum ;  (op.(.)  optic  tract ;  (c.a.)  corpw 
albicans  ;  (8  n.)  third  nerve  ;  (c.p.)  cerebral  peduncle  ;   (p)  pons;   (c.g,e.)  corpus  geniculatuni 
externum ;  (c.g.i.)  corpus  geniculatum  internum ;  (t)  thalamus ;  (c.q.a,)  corpus  quadrigeniinum 
anterius. 

p.  711).     Forel  practically  agrees  with  v.  Gudden  in  these  particulars 
(No.  517,  vii.  1877,  p.  393). 

Darkschewitsch's  histological  researches  (No.  51,  1886,  Anat 
Ab.,  p.  266)  also  support  the  view  just  quoted  as  that  of  v.  Gudden. 
His  conclusions  are  briefly  as  follows  : — 

(1)  The  posterior  corpus  quadrigeminum  is  not  connected  with  the  tractns 
opticus. 

(2)  The  corpus  geniculatum  internum,  similarly,  has  no  connection  with  optic 
fibres. 

(3)  He  throws  doubt  upon  the  pulvinar  being  a  primary  optic  centre,  and  says 
that  the  most  of  the  fibres  going  to  this  body  may  be  traced  unintermptecDy 
through  it  to  the  anterior  corpus  quadrigeminum. 
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(4)  He  is  sceptical  even  of  the  alleged  origin  from  the  external  ^geniculate 
body,  the  fibres  which  apparently  enter  it,  he  says,  passing  in  reality  through  it. 
He  explains  the  diminution  in  size  of  this  body  which  follows  enucleation  of  the 
opposite  eyeball  by  shrinkage  of  those  fibres. 

(5)  Darkschewitsch  accepts,  in  fact,  only  one  primary  centre  for  the  visual  fibres 
of  the  optic,  namely,  the  anterior  corpus  quadrigeminum,  although  he  admits  that 
other  fibres  derived  from  the  pineal  gland  and  ganglion  habenulae  join  the  optic  in 
the  neighbourhood  of  the  external  geniculate  body,  but  these  he  regards  as  pupillary 
in  their  distribution  and  function. 

(6)  He  cannot  support  the  view  of  Charcot  (No.  624)  that  optic  fibres  cross  in 
the  corpora  quadrigemina  and  become  implanted  in  the  substance  of  the  corpora 
quadrigemina  of  the  opposite  side. 

(7)  He  cannot  find  any  evidence  of  either  the  pulvinar  or  corpus  geniculatum 
externum  being  connected  to  the  cortex  by  a  special  bundle  of  fibres,  and  thinks 
that  the  diminution  of  their  size  in  v.  Monakow*s  experimental  extirpation  of 
portions  of  the  cortex  must  have  been  due  to  shrinkage  of  the  fibres  which  surround 
them.  He  grants,  however,  that  there  may  be  a  bundle  connecting  the  anterior 
corpora  quadrigemina  with  the  gray  mantle  of  the  hemisphere. 

It  would  thus  seem  that  recent  researches  tend  to  fix  the  main 
ganglionic  point  of  origin  of  the  human  optic  tract  in  the  anterior 
corpus  quadrigeminum,  any  further  attachments  which  the  tract 
possesses  in  this  neighbourhood  being  small  and  somewhat  ill  defined. 
At  the  most  the  corpus  quadrigeminum  anterius,  the  corpus  genicu- 
latum externum,  and  the  pulvinar  seem  to  be  the  extent  of  the 
rudimentary  or  ganglionic  connections. 

Comparative  Anatomy. — This  is  very  much  what  might  be  expected.  In  the 
fish,  the  optic  lobes,  which  are  considered  to  be  the  homologues  of  the  anterior 
corpora  quadrigemina,  apparently  constitute  the  sole  points  of  origin  of  the  nerve. 
In  the  bird,  where  the  thalamus  is  large  relatively  to  the  size  of  the  rest  of  the 
brain,  a  branch  is  superadded  from  this  ganglion,  a  branch  which  possibly  is 
represented  in  Man  by  that  which  issues  from  the  pulvinar. 

In  the  higher  Mammalia,  however,  and,  as  might  be  supposed,  in  Man,  these 
branches  of  the  nerve  become  comparatively  insignificant.  It  is  even  doubtful 
whether  the  centres  from  which  they  spring  have  anything  to  do  with  vision.  As 
the  cerebral  mantle  increases  in  extent  and  complexity,  the  functions  of  vision 
proper  which  originally  were  resident  in  the  above  ganglia  apparently  become 
transferred  to  it. 

Cortical  Connediom  of  the  Optic, 

947.  A  complete  account  of  these  would  be  far  beyond  the 
possibilities  of  the  present  treatise.  Gratiolet  was  of  opinion  that 
the  optic  nerve  communicated  with  almost  every  region  of  the 
cerebrum,  and  although  this  may  be  an  overstatement  of  the  extent 
of  its  ramifications,  yet  it  must  be  said  that  the  cortical  connections 
of  this  nerve  are  far  more  widespread  than  is  generally  supposed. 

They  commence  at  the  posterior  aspect  of  the  chiasma  and  are 
continued  backwards  nearly  as  far  as  the  geniculate  bodies.  On 
looking  at  Fig.  458  it  will  be  seen  that  the  optic  tract  in  its  course 
backwards  is  in  contact  with  the  anterior  perforated  space,  and  has 
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the  pedunculus  cerebri  lying  to  its  inner  side  and  somewhat  above  it 
If  an  attempt  be  made  to  dissect  the  tract  off  from  these  parts  in  the 
fresh  brain  it  will  be  found  that  so  firmly  is  it  attached  to  them  that 
it  is  necessary  absolutely  to  cut  through  the  bond  of  communication 
before  the  tract  can  be  disunited.  As  may  be  seen  on  superficial 
examination,  the  bond  of  union  is  not  connective  tissue,  but  white 
brain  substance.  This  white  brain  substance  includes  many  of  the 
most  important  cortical  connections  of  the  nerve. 

In  the  various  drawings  given  of  perpendicular  sections  of  the 
brain  in  Figs.  436  to  443,  it  will  be  noticed  that  the  parts  which 
immediately  overlie  the  optic  tract  are  the  basal  ganglia. 

One  of  the  chief  connections  of  the  optic  with  the  cortex  appears 
to  be  effected  through  the  lenticular  nucleus  loop  and  the  striae 
meduUares  intersecting  the  lenticular  nucleus.  The  lenticular 
nucleus  loop  is  derived  mainly  from  the  coalition  of  these  striae 
medullares  below  the  leiiticular  nucleus.  When  it  is  examined  with 
a  low  power  after  staining  by  the  haematoxylene-copper  method  it  is 
seen  to  be  composed  of  a  dense  network  of  nerve  fibres.  A 
great  part  of  the  fibres  issuing  from  this  network  enter  the  optic 
tract  Immediately  over  the  chiasma  there  is  a  specially  large  bundle 
of  these  which  goes  by  the  name  of  Meynert's  commissure.  The 
remainder  of  the  fibres  of  the  lenticular  nucleus  loop  passes  into  the 
inner  capsule,  and,  it  is  generally  supposed,  run  downwards  in  the 
pedunculus  cerebri. 

The  striae  medullares  appear  to  be  in  great  part  simply  a  contin- 
gent of  the  fibres  descending  from  the  vertex,  but  they  also  receive 
contributions  from  those  fibres  passing  through  the  lenticular  nucleus 
from  without  inwards  (Fig.  441,  L.  N.).  Hence  possibly  the  optic  may 
be  connected  directly  with  this  ganglion  through  these  latter  fibres. 

Then  some  of  the  cortical  connections  of  the  optic  evidently  reach 
that  nerve  through  the  outer  capsule  (Fig.  459,  ox.op.).  The  point 
where  they  are  most  abundant  is  towards  the  posterior  extremity  of 
the  lenticular  nucleus. 

Others  are  derived  from  the  temporo-sphenoidal  lobe  (Fig. 
459,  /.5././.,  t.sJ.f.),  and  mainly  from  the  vicinity  of  the  first  and 
second  temporal  convolutions. 

The  connections  with  the  occipital  lobe  are  more  difficult  to 
follow,  but  evidently  the  fibres  run  forwards  in  the  occipito-parietal 
band  (Fig.  445)  and  join  the  tract  towards  its  posterior  limit 

Conclusions. — Without  entering  into  too  minute  detail  it  may 
be  said,  therefore,  that,  through  the  striae  medullares  and  their  union 
below  in  the  lenticular  nucleus  loop,  as  well  as  through  the  outer 
capsule,  the  optic  is  in  communication  with  that  part  of  the  cerebral 
cortex  in  which  the  motor  centres  are  located;  that  it  is  also  in 
direct  communication  with  the  first  and  second  temporal  convolutions ; 
and  that  the  fibres  which  reach  it  from  the  occipital  cortex  pass  along 
the  occipito-parietal  band. 
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Effect  of  Removal  or  Destruction  of  the  Eyeball. 

948.  The  greater  bulk  of  the  optic  fibres  seem  to  degenerate  in  a 
direction  upwards.  So  that  where  the  eyeball  has  been  enucleated  or 
completely  destroyed  for  a  number  of  years,  and  particularly  if  in  early 
life,  the  corresponding  nerve  suffers  almost  complete  destruction. 
Little  more  than  the  sheath  and  the  fibrous  septa  is  left.  The 
opposite  nerve  remains  intact  and  of  normal  dimensions.  The 
degeneration,  if  seen  sufficiently  early,  is  accompanied  by  the  presence 
of  compound  granular  corpuscles,  as  in  an  ordinary  secondary 
degeneration  of  any  other  nerve  tract. 

It  would  thus  almost  appear  that  the  trophic  centres  for  the 
optic  nerve  fibres  connected  with  vision  proper  are  mainly  located  in 
the  retina.  Certain  of  those  fibres  of  the  optic  concerned  with  visual 
reflexes  probably  have  their  trophic  centres  elsewhere. 

An  indentation  is  sometimes  noticed  on  the  same  side  of   the 


Fio.  460.— The  Optic  Nerves,  Chiasma,  and  Tracts  in  a  Case  or  Unilateral  Glaucoma. 
Tbe  Stippled  Shadino  corresponds  to  the  Tract  or  Degeneration. 

(a)  The  nenea  ;  (b)  the  same  just  in  front  of  the  chiasiiia ;  (c)  the  chiasma  anteriorly ;  (d)  the 
chiasma  about  its  middle ;  («)  the  chiasma  posteriorly ;  (/)  the  two  tracts  and  adjoining  gray 
matter. 

chiasma  as  that  of  the  enucleation.  The  chiasma  appears  con- 
sequently less  bulky  on  this  side  than  on  the  other.  The  indentation 
is  caused  by  the  destruction  of  the  direct  band  of  fibres. 

While  the  difference  in  size  of  the  two  nerves  is  so  notable  a 
feature  there  is  little  alteration  to  be  seen  in  the  relative  size  of  the 
tracts.  The  opposite  tract  is  usually  a  little  smaller  than  that  on  the 
side  of  the  injury,  but  in  the  oldest-standing  cases,  even  where  the 
defect  may  have  lasted  for  a  matter  of  sixty  or  seventy  years,  it  is 
hard  to  detect  much  difference  between  them. 
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The  tracts,  however,  are  both  smaller  than  in  health  and  present 
a  flattened  appearance.  On  microscopic  examination  a  path'  of 
degeneration  is  found  in  each.  That  in  the  tract  of  the  same  side  as 
the  ocular  defect  lies  on  the  dorso-mesial  aspect  and  dips  into  the 
centre  of  the  tract;  while  that  in  the  crossed  tract  occupies  the 
ventral  aspect  and  lies  peripherally  (Fig.  460,  /). 

It  is  said  that  in  animals  the  nerve  nuclei  which  suffer  are  the 
anterior  corpus  quadrigeminum,  the  corpus  geniculatum  externum,  and 
the  pulvinar,  all  on  the  opposite  side.  These,  it  is  asserted,  become 
flattened  and  suffer  involution.  In  the  case  of  Man  any  difference 
in  their  relative  size  on  the  two  sides  is  by  no  means  evident. 

In  two  of  the  cases  which  the  author  has  examined,  the  occipital 
lobe  presented  an  abnormality.  In  one  of  them  the  occipito-parietal 
fissure  was  much  deeper  and  wider  than  usual;  in  the  other  there 
was  a  distinct  cross  furrow  in  the  neighbourhood  of  the  third  occipital 
convolution.  In  both,  the  abnormality  was  bilateral,  and  hence  may 
have  been  accidental.  There  did  not  appear  to  be  any  degeneration 
of  underlying  parts. 

A  question  comes  to  be  whether  mere  physical  inertia  of  the 
retina  from  opacity  of  the  media  in  front  of  it  will  occasion  an  ascend- 
ing degeneration.  Certain  cases  of  cicatricial  opacity  of  the  cornea 
acquired  in  childhood  seem  to  favour  the  view  that  it  does.  In  these 
the  nerve  is  sometimes  smaller  than  that  on  the  opposite  side. 
Recovery  of  vision,  however,  takes  place  after  old-standing  cataract, 
a  fact  which  would  point  in  the  opposite  direction.  In  ordinary 
cataract,  however,  the  lens  is  seldom  impervious  to  light,  and  the 
disease  usually  occurs  in  old  people. 

V.  Gudden  has  shown  that  the  atrophic  changes  following  excision 
of  the  eyeball  are  more  readily  induced  in  young  than  in  old  animals. 


Effects  of  Division  of  the  Optic  Nerve,  Chiasma,  and  Tract. 

949.  The  chief  effect  of  division  of  the  optic  nerve  is  complete 
blindness  in  the  corresponding  eye,  with  loss  of  the  pupil  and  other 
reflexes  connected  with  vision. 

When  the  tract  is  injuriously  pressed  upon  or  divided,  say  at  B 
(Fig.  461),  the  direct  fibres  of  the  same  eye  and  the  crossed  of  the 
opposite  eye  are  severed.  The  result  is  that  the  outer  aspect  of  the 
retina  on  the  same  side  and  its  inner  aspect  on  the  crossed  side  are 
paralysed.  These  areas  of  the  retina  are  functionally  homonymous.  The 
term  hemiopia  is  employed  to  designate  this  paralysed  state  of  the 
retina ;  that  of  hemianopsia  to  indicate  the  resulting  dark  half 
of  the  field  of  vision.  The  hemianopsia  is  interpreted  by  the  subject 
of  the  disease  as  being  on  the  side  opposite  to  that  in  which  the 
hemiopia  exists. 

Thus  if  the  left  tract  be  the  one  affected,  and  consequently  the  left 
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areas  of  the  retina  paralysed,  the  right  half  of  the  field  of  vision  is 
that  which  appears  unilluminated.  The  same  holds  good  of  other 
varieties  of  paralysis  of  the  retina.  Thus  temporal  hemiopia  or 
paralysis  of  the  outer  halves  of  the  retina  excites  nasal  hemianopsia, 
and  vice  versd. 

Where  the  hemiopia  affects  parts  of  the  retinse  which  act  in 
functional  harmony,  the  term  "  homonymous  "  is  applied  to  it ;  where 
the  parts  do  not  functionally  correspond,  that  of  "  crossed  "  is  used  to 
indicate  the  condition. 

The    optic   tract  is  probably   the   only  part  of  the  conducting 


Fio.  461.- 


-ScHEME  or  Distribution  of  Fibres  or  the  Optic,  together  with  Sites  of 
VARIOUS  Lesions  (see  text). 


apparatus  which,  when  divided,  causes  true  homonymous  hemiopia. 
The  dark  half  of  the  field  of  vision  is  sharply  separated  from  diat 
which  is  illuminated  by  a  more  or  less  vertical  line.  When  one 
occipital  lobe  is  annihilated  a  somewhat  similar  state  of  the  field 
of  vision  follows,  but  the  line  of  separation  is  never  so  defined. 

The  only  other  parts  of  the  brain  which  occasion  a  hemiopic 
effect  when  destroyed  are  the  occipito-parietal  band,  containing  as 
it  does  the  optic  fibres  from  the  occipital  region,  and  the  posterior 
extremity  of  the  thalamus.  In  both  cases  the  explanation  of  the 
hemiopia  is  to  be  found  probably  in  the  optic  line  of  communications 
with  the  cortex  being  interrupted.     It  is  seldom  that  the  lesion  of  the 
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thalamus  in  such  cases  is  sharply  localised ;  the  sensory  fibres  lying 
in  the  neighbourhood  are  usually  implicated,  and  hemianassthesia 
follows. 

When  the  chiasma  is  divided  in  the  middle  line,  in  an  animal 
with  incomplete  decussation  of  the  nerve,  the  sense  of  vision  is  not 
entirely  lost  (Nicati). 

K  it  is  destroyed  say  by  the  pressure  of  a  tumour  on  either  side 
at  C  C,  the  direct  bands  are  severed.  The  outer  aspects  of  each  retina 
are  consequently  rendered  blind,  and  this  induces  a  double  temporal 
hemiopia  or  double  nasal  hemianopsia. 

When  the  destruction  takes  place  over  the  chiasma  at  a  point 
D,  double  nasal  hemiopia  results — that  is  to  say,  both  inner  parts 
of  the  retina  are  rendered  blind,  parts  which  functionally  are  not 
homonymous.  This  is  interpreted  as  a  double  temporal  hemian- 
opsia. Images  become  superimposed,  and  as  an  effect  there  is 
confusion  of  vision  mostly  experienced  in  walking. 

Effects  of  Destruction  of  the  Occipital  JjOBES. 

950.  As  already  mentioned  (Sect.  922),  there  are  two  main  views 
regarding  the  cortical  localisation  of  visual  impressions ;  the  one  that 
the  occipital  lobes  are  the  seat  of  their  reception,  the  other  that  the 
angular  gyri,  in  the  monkey  at  least,  are  also  concerned.  It  is  to  be 
borne  in  mind  that  effects  alike  with  those  resulting  from  destruction 
of  the  occipital  lobe  are  forthcoming  when  the  fibres  issuing  from  this 
lobe,  and  which  are  contained  in  the  occipito- parietal  band,  are  cut 
across.  The  occipito-parietal  band,  as  will  be  seen  by  referring  to 
Fig.  445,  lies  very  close  to  the  cortex  and  immediately  under  the 
angular  gyrus.  Hence  injury  of  this  gyrus,  if  at  all  deep,  would  be 
certain  to  implicate  the  band  and  to  occasion  effects  which  are  apart 
from  the  true  function  of  the  gyrus  itself. 

,  Whatever  the  real  state  of  the  case  may  be,  no  one  can  peruse  the 
accumulated  literatui*e  on  the  subject  of  lesions  of  the  occipital  lobes 
without  being  convinced  of  the  primary  importance  in  Man  of  the 
occipital  lobes  as  receptacles  for  the  storing  of  visual  memories.^ 

The  lesions  of  vision  resulting  from  cortical  destruction  may  be 
unilateral  or  bilateral,  complete  or  incomplete,  but  there  is  always  one 
feature  associated  with  them,  namely,  that  they  are  homonymous. 

Cortical  Bliiulness  and  Psychical  or  Mental  Blindness, 

951.  These  two  terms  are  employed  to  indicate  certain  visual 
defects  resulting  from  lesion  of  the  occipital  lobe  or  lobes. 

*  An  exceUent  collection  of  such  cases  is  to  be  found  in  a  paper  by  Reinhard  (No. 
517,  xvii.  1886,  p.  717  «<  8eq.),  Curiously,  in  some  of  the  cases  he  refers  to,  the  angular 
gynw  and  other  portions  of  the  parietal  lobe  were  implicated  simultaneously  with  the 
occipital  lobe.     In  these  cases  the  resulting  hemianopsia  was  complete. 
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By  cortical  blindness  is  meant  paralysis  of  the  retina,  resulting 
from  destruction  of  the  cerebral  cortex.  By  psychical  blindness  is 
understood  the  obliteration  of  the  visual  memories  gained  during  the 
individuars  life  experience. 

Each  of  these  may  be  complete  or  incomplete.  Thus  the  retina 
may  be  paralysed  in  homonymous  halves  from  a  cortical  lesion,  the 
result  being  incomplete  cortical  blindness,  or  what  is  termed  cmtical 
hemiopia.  Or  the  retina  may  be  completely  paralysed  from  cortical 
causes,  so  that  the  individual  is  insensitive  through  vision  to  all  external 
impressions.  Cortical  blindness  differs  from  blindness  induced  by 
destruction  of  the  optic  nerve  in  the  fact  that  the  ordinary  reflexes  of 
the  pupil  remain  while  the  individual  may  be  perfectly  blind. 

fVord-blindness  is  sometimes  said  nowadays  to  be  simply  a  variety 
of  psychical  blindness.  This,  as  previously  explained  (Sect.  671), 
is  manifestly  incorrect.  What  is  wanting  in  word-blindness  is  the 
faculty  of  translating  the  visual  impression  received  from  the  written  or 
printed  symbols  into  their  corresponding  sound-memories.  The  power 
of  rousing  up  the  auditory  memory,  by  which  alone  they  come  to  be 
intelligible,  is'  lost.  Neither  the  auditory  centre  in  the  temporo- 
sphenoidal  lobe  nor  the  visual  centre  in  the  occipital  need  be 
destroyed  to  induce  this,  but  the  lesion  must  evidently  lie,  for  reasons 
before  described,  in  the  link  of  connection  between  the  two — that  is 
to  say,  somewhere  in  the  neighbourhood  of  the  convolutions  bordering 
upon  the  base  of  the  temporo-sphenoidal  lobe.  It  is  quite  possible 
that,  as  sometimes  happens,  the  lesion  might  extend  back  as  far  as  the 
occipital  lobe  itself.  In  such  cases,  however,  other  effects  such  as 
cortical  hemiopia  would  most  likely  be  present,  and  hence  the  case 
would  not  be  one  of  pure  word-blindness. 

It  may  be  questioned  whether  true  psychical  blindness  can  exist 
without  a  corresponding  cortical  paralysis  of  the  retina.  Is  it  pos- 
sible, for  instance,  that  certain  visual  memories  may  be  obliterated 
without  vision  being  impaired,  or  do  they  always  go  hand  in  hand  ? 
When  the  occipital  region  in  a  dog  is  excised  the  animal  heedlessly 
knocks  itself  against  objects  which,  in  its  normal  state,  it  would  have 
avoided.  It  behaves  in  such  a  manner  that  its  condition  might  be 
interpreted  as  caused  by  impaired  or  lost  memory  of  the  meanings  of 
such  objects — that  is  to  say,  the  animal  might  be  regarded  as 
psychically  blind.  It  is  quite  possible,  however,  that  all  these 
phenomena  are  to  be  accounted  for  by  the  retina  being  partially 
paralysed. 

The  nearest  approach  to  a  pure  psychical  defect  of  vision,  in  all 
probability,  is  colour-blindness  either  of  congenital  origin  or  acquired. 

Psychical  blindness  in  its  minor  degrees  is  said  by  Reinhard  (No.  517,  xriiL 
1887,  p.  449)  to  result  from  superficial  lesions  of  the  occipital  cortex,  it  may  be 
without  any  cortical  blindness.  Cortical  blindness,  on  the  other  hand,  is  noticed 
oftener  where  the  lesion,  in  addition  to  destroying  the  cortical  gray  matter,  extends 
so  deeply  as  to  involve  the  underlying  white. 
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Munk  (No.  552)  was  of  opinion  that  the  fibrea  issuing  from  different  localities  of 
the  occipital  region  in  the  dog  innervated  areas  corresponding  in  position  within  the 
retina.     This  is,  however,  somewhat  difficult  to  substantiate  in  the  case  of  Man. 

Reinhard  {loc,  cit.)  alleges  that  in  Man  the  second  occipital  convolution  in- 
nervates the  macula  lutea,  and  represents  the  point  from  which  those  fibres  are 
projected  most  intimately  connected  with  vision. 

Literature  on  Ahnormalities  of  Vision  connected  with  Central  Lesions. — Bechtereff 
(V.)  (Perception  of  Visual  Objects) :  Arch.  f.  Psychiat,  etc.,  Charkov,  xv.  1890,  p.  1. 
Berber  (Cortical  Centre  for  Vision) :  Breslau.  aerztl.  Ztschr.,  viii.  1885,  pp.  28,  37, 
51.  Bemheimer :  Ueb.  d.  Sehnervenwurzeln  des  Menschen  ;  Ursprung,  Entwicke- 
lung,  u.  Verlauf.,  1891.  Brown  and  Schaefer  (Occipital  and  Temporal  Lobes  of 
Monkey's  Brain) :  Phil.  Trans.,  clxxix.  1889,  p.  303.  Christiani :  Zur  Physiologic 
des  Gehims,  1885.  Damsch  (Unrest  of  Pupils  and  Cerebral  Disease) :  Neurol. 
Centralbl.,  ix.  1890,  p.  258.  Darkschewitsch  (So-called  Primary  Optic  Centres) : 
Arch.  f.  Anat.  u.  Entwicklngsgesch.,  1886,  Anat.  Ab.,  p.  249.  Deltoine  (Hemi- 
opia  from  Occipital  Lesion) :  Irans.  Path.  Soc.  Loud.,  1890.  Donaldson  (Visual 
Area  in  Laura  Bridgman's  Brain) :  American  Joum.  of  Psychol. ,  iv.  No.  4, 
Aug.  1892.  FM  (Visual  Centre):  Arch,  de  neurol.,  ix.  1885,  p.  222.  Ferrier : 
Brain,  xi.  1888,  p.  7.  Frcund  (Optic  Aphasia) :  Arch.  f.  Psychiat,  xx.  1888-89,  p. 
371.  Heboid  (Crossing  of  the  Optics  in  Man):  Arch.  f.  Ophthal.,  xxxviii  1892, 
1  Ab.,  p.  221.  Henscnen  (Visual  Path,  and  Centre) :  Brain,  Ixl  and  Ixii.  1893,  p. 
170.  Loeb:  Arch.  f.  d.  ges.  Physiol.,  xxxiv.  1884,  p.  76.  Moeli:  Arch.  f. 
Psychiat.,  xxii.  1890,  p.  78.  Monakow  (Cortical  Experiments  on  Animals  and 
Olwervations  in  Man):  Arch.  f.  Psychiat.,  xiv.  1883,  p.  699;  also,  Ibid.,  xx. 
1888-89,  p.  714.  Munk  (Visual  Area  of  Cortex) :  Brain,  xiii.  1890,  p.  45,  Trans/, 
Nieden  (Slough  of  Occipital  Lobe  in  Man) :  Arch.  f.  Ophthalmol.,  xxix.  Ab.  3,  p. 
143.  Reinhard  (Visual  Centre) :  Arch.  f.  Psychiat.,  xviL  1886,  p.  717  ;  also, 
JHd.,  xviii.  1887,  pp.  240,  449.  Schaefer  (Visual  Area) :  Brain,  xi.  1888-89,  p.  1  ; 
Ibid. J  p.  145.  Schweig^g^er  (Hemiopia) :  Arch.  f.  Ophthal.,  xxii.  Ab.  iii.  p.  276. 
▼.  Schulten  (Brain  Pressure  and  Circulation  in  Eyeball,  Experimental) :  Arch.  f. 
klin.  Chir.,  xxxii.  1885,  p.  455.  Schulz  (Unilateral  Temp.  Hemianopsia  Sinistra) : 
Arch.  f.  Psychiat.,  xvi.  1885,  p.  579.  Shaw  (Lesion  of  Angular  Gyrus) :  Brain,  v. 
1883,  p.  255.  Siemerling  (Gumma  of  Base  of  Brain  involving  Chiasma) :  Arch.  f. 
Psychiat.,  xix.  1888,  p.  401.  Starr  (Analysis  of  Thirty -two  Cases) :  Brain,  vii. 
1885.  Thompson  and  Brown  (Centre  for  Vision) :  Research  Loomis  Lab.  .  .  . 
Univ.  City,  N.  York,  1890,  p.  13.  Willbrand  and  Saens:er :  Ueb.  Sehstorungen 
bei  functionellen  Nervenleiden,  1892. 


The  Colour-Sense  and  Colour-Blindness. 

952.  The  centres  for  the  perception  of  colour  and  space  are  now 
usually  localised  in  the  occipital  lobes.  Willbrand  even  asserted  that 
the  parts  of  the  occipital  lobe  for  the  perception  of  light,  colour,  and 
space  are  arranged  one  over  the  other. 

There  are  very  few  individuals  who  are  totally  colour-blind  or 
achromatopic.  When  an  individual  is  quite  colour-blind  the 
spectrum  appears  uncioloured,  although  there  are  differences  in 
brightness  at  different  parts,  the  brightest  being  in  the  situation 
of  the  green-yellow.  There  are  generally  said  to  be  three  forms 
of  the  affection,  although  some  observers  deny  that  there  is  more 
than  one.  They  are  known  as  (1)  red-blindness ;  (2)  green-blindness  ; 
and  (3)  violet-blindness.  Dal  ton  suffered  from  the  first  of  these,  and 
hence  the  affection,  is  usually  called  Daltonism.  Bright  red  and 
dark  green  are  confounded.     Blood  appeared  to  him  to  resemble  a 
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bottle-green,  and  he  could  not  distinguish  between  the  colour  of  a  ripe 
cherry  and  the  surrounding  foliage.  He  was  able  to  detect  only  two, 
at  most  three,  colours  in  the  spectrum.  As  Clerk  Marwell  de- 
monstrated, the  spectrum  in  this  and  other  varieties  appears  dichro- 
matic, yellow  and  blue  being  the  two  colours  which  are  perceived. 
The  red  and  green  are  absent,  while  the  violet  end  of  the  spectrum  is 
lost  in  the  blue.  In  Dalton's  case  the  yellow  comprehended  the  red, 
yellow,  and  green  of  others,  but  his  blue  coincided  with  theirs.  That 
part  of  the  spectrum  which  others  call  red  appeared  to  him  little  more 
than  a  shade  or  defect  of  light,  and  the  succeeding  orange,  yellow,  and 
green  seemed  one  colour.     This  is  what  is  usually  noticed. 

In  so-called  green-blindness  bright  green  and  dark  red  appear 
identical  The  yellow  of  the  spectrum  lies  close  on  the  blue,  or  they 
are  separated  only  by  a  gray  band. 

In  the  blue-yellow  variety,  if  it  exist,  vision  is  said  to  be  again 
dichromic ;  the  colours  which  are  perceived  are  red  and  green.  The 
blue-violet  end  of  the  spectrum  is  much  shortened. 

Colour-blindness  is  sometimes  unilateral  As  a  rule  it  is  a  con- 
congenital  defect,  but  may  follow  in  the  wake  of  cerebral  disease,  or 
manifest  itself  in  those  with  incipient  disease  of  the  optic  nerves,  such 
as  that  which  occurs  in  locomotor  ataxia.  It  may  be  induced  by 
various  toxic  substances,  such  as  tobacco  when  taken  to  excess. 

Coloiu*-blindness  occurs  in  about  4  per  cent  of  men  with  vision 
which  is  otherwise  normal.  It  is  ten  times  as  frequent  in  men  as  in 
women. 

Colour-blind  individuals,  although  never  to]  be  trusted  in  any  em- 
ployment where  absolute  distinction  between  two  colours,  such  as  red 
and  green,  is  essential,  get  along  wonderfully  well  notwithstanding 
their  defect.  The  reason  is  that  they  usually  see  a  difference  in  the 
luminosity  of  two  bodies,  coloured  say  red  and  green.  A  colour  is 
possessed  of  three  qualities — (1)  hue  or  tint,  as  when  we  speak  of  red, 
green,  or  violet ;  (2)  purity  or  degree  of  saturation  (due  to  a  greater  or 
less  admixture  of  white) ;  and  (3)  brightness,  intensity,  or  luminosity, 
as  when  we  describe  the  tint  of  a  red  rose  as  dark  or  bright 
(M*Kendrick).  Hence  in  the  testing  of  an  individual  we  should  take 
care  that  the  luminosity  of  the  two  test  colours  is  as  nearly  as 
possible  alike,  otherwise  the  individual  may  be  able  to  distinguish 
between  them.  Even  although  a  person  is  red-blind,  he  may  in 
ordinary  circumstances  be  able  to  recognise  the  red  or  green  of  a 
signal  lamp,  from  the  fact  that  the  red  glass  employed  in  the  manu- 
facture of  signal  lamps  has  a  distinct  tinge  of  yellow,  while  the  green 
glass  is  contaminated  with  blue.  The  piu*e  colours  of  the  spectrum 
are  alone  strictly  reliable.  In  the  ordinary  testing  for  colour-defect, 
however,  coloured  skeins  of  worsted  (Holmgren)  are  usually  employed. 
These  must  be  of  the  same  illuminative  power,  and  the  coloiu^  used  in 
dyeing  them  must  be  eliminated  from  all  traces  of  yellow  or  blua 
The  individual  under  examination  is  given  a  skein  of  green  or  red 
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worsted  and  is  asked  to  pick  out  from  a  mixed  lot  of  others  differently 
coloured  those  colours  which  most  closely  match  the  colours  chosen. 
If  colour-blind,  and  if  green  is  the  colour  selected,  he  invariably  picks 
out  the  red,  and  nee  versd  if  the  colour  selected  be  red. 

The  two  theories  of  coloiu'-vision  which  for  long  held  the  field,  and 
still  to  a  certain  extent  retain  it,  were  respectively  those  of  Young 
and  Helmholtz,  and  of  Hering. 

Young- Helmholtz  Theory. — This,  which  is  essentially  the 
theory  of  Young  (see  Bibliog.),  presupposes  that  colour  sensations 
depend  upon  the  stimulation  of  three  (Afferent  sets  of  fibres  in  the 
retina.  The  stimulation  of  a  single  set  gives  rise  to  the  sensa- 
tion of  red,  green,  or  violet  respectively,  while  all  other  colours  are 
simply  combinations  of  these.  The  sensation  of  blue,  for  instance, 
would  be  called  forth  by  the  simultaneous  stimulation  of  the  green  and 
violet  The  excitation  of  any  one  set  of  fibres  is  dependent  upon  a 
matter  of  wave-length.  Those  waves  which  are  longest  excite  the  red 
fibres,  those  which  are  intermediate  in  length  are  appreciated  by  the 
fibres  conveying  the  stimulus  giving  rise  to  the  sensation  of  green, 
while  the  shortest  waves  affect  the  fibres  which  call  forth  the  sensation 
of  violet.  The  explanation  of  colour-blindness  afforded  by  this  theory 
is  that  in  the  retina  of  the  colour-blind  individual  there  is  a  defect 
whereby  the  particular  nerve  filaments  for  the  reception  of  light 
vibrations  giving  rise  to  the  sensation  of  red,  green,  or  violet  are 
absent ;  that  the  defect  in  reality  is  one  of  the  retina. 

Aitken  (No.  623,  viii  1873,  p.  389)  is  also  a  believer  in  the  three- 
nerve  theory.  The  three  primary  colour  sensations,  he  asserts,  are  red, 
green,  and  violet ;  that  is  to  say,  they  are  incapable  of  being  decom- 
posed, or  of  being  called  forth  by  a  combination  of  any  two  or  more 
other  colour  sensations.  The  three  sets  of  nerves  are  the  means  of 
conveying  the  impressions  necessary  to  excite  these  colour  sensations, 
and  the  only  thing  we  can  distinguish  by  these  nerves  separately  is 
intensity.  The  red  nerve  gives  us  the  sensation  only  of  red  in  a 
greater  or  less  degree,  the  green  nerve  that  only  of  green,  the  violet 
nerve  of  violet  He  alleges  that  each  sqt  of  nerves  is  thus  comparable 
to  our  heat  nerves,  capable  of  detecting  intensity  only.  If  we  had 
only  one  set  of  nerves  in  the  eye,  we  could  have  but  one  kind  of  sensa- 
tion when  light  falls  upon  it,  and  the  light  from  different  objects  would 
differ  only  in  intensity.  This  theory  explains  why  yellow  and  blue 
can  be  produced  by  mixing  the  colours  in  the  spectrum  on  each  side 
of  them,  while  neither  red,  green,  nor  violet  can  be  produced  by  any 
mixtures. 

The  secondary  colour  sensations  such  as  yellow  and  blue  are  com- 
pounded of  two  primaries,  and  are  due  to  the  range  of  sensibility  of 
two  of  the  above  nerves  partially  overlapping.  Thus  yellow  is  the 
result  of  the  red  nerve  being  partially  sensitive  to  vibrations  which 
also  excite  the  green.  The  red  nerve  is  not  only  capable  of  appreciat- 
ing and  conveying  the  vibrations  at  the  extreme  end  of  the  spectrum 
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which  occasion  the  sensation  of  pure  red,  but  also  of  those  which  lie 
intermediate  between  the  red  and  the  green ;  while  the  green  ner\'e 
similarly  can  convey  vibrations  not  only  corresponding  to  the  area  of 
green  in  the  spectrum,  but  also  of  those  which  lie  between  the  red  and 
the  green.  The  result  of  this  double  sensation  is  the  production  of 
the  compound  or  secondary  colour  sensation,  yellow  having  its  point  of 
greatest  intensity  midway  between  the  red  and  the  green.  In  a  like 
manner  he  accounts  for  the  blti^.  It  is  essentially  a  compoimd  sensa- 
tion made  up  of  green  and  violet,  and  is  due  to  the  overlapping  of  the 
range  of  sensibility  of  the  green  and  violet  nerves. 

Among  other  possible  causes  of  colour-blindness  he  admits  the 
following :  (1)  That  the  sensations  of  two  of  the  three  above-referred- 
to  nerves  is  the  same.  (2)  That  the  nerves,  instead  of  appreciating 
only  those  light  vibrations  of  the  particular  wave-lengths  which  give 
rise  in  the  normal  eye  to  the  sensations  of  red,  green,  and  violet 
respectively,  are  so  constructed  that  they  possess  a  wider  range  of 
sensibility.  Thus  the  red  nerves  might  be  sensitive  to  all  the  rays  to 
which  the  green  nerves  are  sensitive,  and  the  green  nerves  similarly  to 
all  the  rays  to  which  the  red  nerves  are  sensitive.  Suppose  that  any 
of  the  rays  of  the  spectrum  from  the  red  to  the  green  fall  upon  two 
sets  of  nerves  so  related,  both  would  be  excited  throughout  their  entire 
range,  and  the  sensation  produced  would  be  what  we  call  yellow.  The 
nerves  might  individually  be  conveying  the  sensations  of  red  and 
green,  and  yet  the  person  might  actually  never  know  the  sensations  of 
these  colours,  because  neither  of  them  had  been  excited  separately. 
(3)  That  one  set  of  nerves  is  wanting. 

Hering^S  Theory. — This  alternative  theory  is  essentially  one  of 
contrast  colours.  Hering  maintains  that  the  primary  visual  sensations 
are  white,  black,  red,  yellow,  green,  and  blue,  and  further  that  they  may 
be  arranged  in  three  pairs  in  the  above  order,  the  one  colour  comple- 
mentary to  the  other — white  to  black,  red  to  green,  yellow  to  blue. 
The  phenomena  which  lead  to  the  assumption  of  the  association  of  the 
fundamental  colours  in  pairs  are  those  connected  with  colour  after-images, 
and  the  fact  that  the  colours  which  are  arranged  in  pairs  mutually 
neutralise  each  other.  Thus  we  find  in  Nature  that  a  colour  cannot 
be  seen  as  red  and  green  simultaneously.  We  have  no  knowledge  of 
a  reddish-green  colour,  whereas  the  colours  from  different  groups  may 
be  readily  enough  associated.  We  are  familiar,  for  instance,  with  what 
is  meant  by  a  bluish-green  or  a  yellowish-green,  and  a  red  which 
inclines  either  to  yellow  or  blue.  Hering's  hypothesis,  moreover, 
assumes  the  presence  within  the  retina  of  visual  substances  which  are 
constructively  or  destructively  influenced  by  waves  of  varpng  length. 
These  substances  are  probably  three  in  number;  one  for  red-green, 
another  for  yellow-blue,  and  a  third  for  white-black.  Thus  when  a 
ray  of  a  particular  wave-length  falls  on  the  retina  it  induces  metabolic 
changes  in  one  of  the  visual  substances  of  a  constructive  nature,  while 
a  ray  having  a  diflbrent  wave-length  has  the  effect  of  exciting  changes 
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of  a  destructive  nature.  Those  changes  which  give  rise  to  the 
sensations  black,  green,  and  blue  are  processes  of  assimulation  or 
construction ;  those  which  occasion  the  sensations  of  white,  red,  and 
yellow  are  processes  of  dissimulation  or  destruction.  When  a  wave 
of  a  particular  length  acts  upon  the  substance  concerned  with  the 
i-ed-green  sensation  it  induces  a  destructive  or  katabolic  action  within 
it,  and  the  sensation  is  interpreted  as  red ;  when  a  light  wave  of 
shorter  length  falls  upon  it  the  resulting  metabolism  is  constructive  or 
anabolic,  and  the  sensation  is  interpreted  as  green.  When  the  entire 
rays  of  the  spectrum  alight  upon  the  retina,  the  one  neutralises  the 
other,  but  as  the  white-black  substance  is  stimulated  destructively 
under  these  circumstances,  the  sensation  is  interpreted  as  white.  The 
two  processes  of  constructive  and  destructive  mechanism  are  apparently 
in  constant  action  in  the  normal  eye. 

According  to  this  theory,  the  commonest  form  of  colour-blindness, 
namely,  the  red -green,  is  caused  by  the  red -green  substance  being 
absent.  Coloured  after-images,  as  the  complementary  green  following 
exposure  of  the  retina  to  bright  red,  are  to  be  explained  by  the  visual 
substance  having  been  destructively  affected  to  begin  with,  and  a 
constructive  action  having  set  in  afterwards.  The  same  holds  good 
with  yellow  and  blue,  and  white  and  black. 

Edridg^e  Green's  Theory. — All  these  theories,  however,  pre- 
suppose that  the  essential  defect  is  in  the  retina.  From  what  we  now 
know  of  the  visual  centre  in  the  brain,  it  seems  quite  as  likely,  if  not 
more  so,  that  the  vice  is  located  in  the  apperceptive  centre — that,  in 
fact,  colour-blindness  is  essentially  a  disease  of  interpretation,  not  one 
which  is  bound  up  with  the  mechanism  placing  the  visual  centre 
in  communication  with  the  periphery  ;  that  it  is,  in  fact,  simply  a  form, 
and  probably  a  very  pure  one,  of  congenital  psychical  blindness. 

Edridge  Green  in  his  fascinating  work  on  the  subject  of  colour- 
blindness (No.  579)  has  taken  this  view  of  the  matter.  His  explana- 
tion of  the  colour  sense  is  as  follows : — 

Suppose  a  large  number  of  regularly-shaped  bodies,  spheres  let  us 
say,  all  differing  in  size,  but  very  finely  graduated,  were  placed  in 
consecutive  linear  series,  the  greatest  points  of  difference  in  the 
series  would  be  at  the  beginning  and  the  end.  The  next  greatest 
point  of  difference  would  be  in  the  centre  of  the  series ;  and  the 
next  again  would  be  midway  between  the  middle  point  and  either 
end,  and  so  on.  He  holds  that  the  different  colours  are  due  simply 
to  points  of  greatest  difference  in  the  wave-lengths  of  a  dispersed  ray 
of  light     The  whole  matter  is  one  of  interpretation. 

A  dispersed  ray  of  sunlight  constitutes  an  almost  perfect  physical 
series.  The  sensations  of  coloiu*  which  it  calls  forth  are  due  to  the 
difference  in  the  wave-lengths  of  its  vibrations.  Those  vibrations 
which  excite  the  sensation  of  red  are  the  longest,  and  are  placed  at  one 
end  of  the  spectrum ;  while  those  which  call  forth  that  of  violet  are 
the  shortest,  and  are  placed  at  the  opposite  end  of  the  spectrum. 
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There  are  vibrations  beyond  these  points  which  excite  neither  the 
sensation  of  light  nor  that  of  colour,  and  hence  fail  to  be  perceived 
through  the  sense  of  vision.  The  vibrations  of  the  extreme  red  rays 
take  place  at  the  rate  of  395  billions  per  second  ;  those  of  the  extreme 
violet  at  the  rate  of  763  billions  per  second.  Let  A  B  (Fig.  462,  L) 
represent  the  physical  light  series ;  a  and  b,  being  the  end  members, 
represent  therefore  the  points  of  greatest  difference.  The  third  point 
of  greatest  difference  will  be  in  the  middle  of  the  series,  namely  at  r. 
The  fourth  at  d  d,  and  so  on. 

A  normally-constituted  individual  on  looking  at  the  spectrum  of 
sunlight  can  recognise  six  colours — that  is  to  say,  he  is  possessed  of 
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Fia.  462.— Schemes  to  illustrate  Edridor  Green's  Theory  of  Coloub>Senbe. 


hexachromic  vision.  They  are  red,  orange,  yellow,  green,  blue,  and 
violet.  Supposing  that  the  area  of  any  one  of  these  colours  be  ex- 
amined through  a  narrow  slit  in  a  dark  screen,  it  will  be  found  that  it 
is  apparently  made  up  of  a  series  of  monochromatic  bands  (a,  b,  c,  etc, 
Fig.  462,  III.)  or  what  he  calls  absolute  psycho-physical  units;  while 
to  the  whole  series  (A  B)  of  any  one  colour,  say  of  the  green,  he 
applies  the  term  approximate  psyclw-physkal  unit.  An  absolute  psycho- 
physical unit  is  thus  made  up  of  a  series  of  waves  whose  length  is  such 
that  no  difference  can  be  perceived  between  them,  a  a'  (Fig.  462,  II.) 
represents  an  absolute  psycho-physical  unit  at  the  end  of  the  violet, 
b  b'  at  the  end  of  the  red.  The  points  a  and  b  are  still  the  two 
points  of  greatest  difference,  although  an  observer  would  choose  the 
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points  c  c.  The  approximate  unit  green  is  called  green  because 
the  absolute  units  within  it  are  more  like  green  than  they  are  like 
yellow  or  blue ;  the  similarity  is  greater  than  the  dissimilarity.  On 
looking  at  any  of  these  absolute  psycho-physical  units  dissociated  from 
those  adjacent,  the  observer  could  not  say  which  was  the  yellow  and 
which  the  blue  side,  because  they  approach  to  absolute  monochroma- 
tism.  We  can  have  a  monochromatic  patch  of  yellow-green  as  well  as 
of  pure  green.  In  the  case  of  the  green,  however,  the  central  unit  is 
theoretically  and  actually  that  which  is  representative  of  the  pure 
colour.  In  the  case  of  the  red  and  the  violet  this  is  not  so.  The 
unit  of  purest  colour  in  the  red  should  be  theoretically  a,  a',  and 
in  the  violet  A'  h  (Fig.  462,  IV.).  They  are  the  psycho-physical  units 
adjacent  to  the  real  (physical)  points  of  difference.  An  observer,  how- 
ever, might  found  his  idea  of  red  upon  the  unit  b  c 

Coming  now  to  apply  this  theory  of  colour-perception  to  the  ex- 
planation of  the  phenomena  of  colour-blindness,  it  is  evident  that  all 
the  possibilities  of  that  affection  might  be  explained  on  the  basis  of 
personal  variation  in  the  apperceptive  power  of  each  individual. 

Firstly,  a  person  may  be  totally  wanting  in  the  power  of  perceiving 
colour ;  he  is  perfectly  achromatopic,  and  the  spectrum  to  such  an  in- 
dividual appears  simply  brighter  or  darker  according  to  the  intensity 
of  the  light. 

Secondly,  the  perception  of  colour  may  not  be  so  defective,  the 
individual  being  able  to  perceive  a  few  colours,  although  not  the  whole 
range  perceptible  to  a  normally-constituted  person.  Thus  if  the  per- 
ception of  coloiu*  be  not  so  defective,  the  extremities  of  the  spectrum 
will  appear  feebly  tinted  with  red  at  one  end  and  violet  at  the  other ; 
while  the  part  intermediate  will  appear  gray.  As  perception  improves, 
the  colours  at  the  ends  will  tend  to  approach  each  other,  while  the  gray 
interval  will  be  gradually  absorbed.  They  will  ultimately  meet,  and 
the  individual's  colour- perception  will  then  become  dichromic.  In 
such  a  case  the  impression  of  greatest  intensity  or  the  greatest  point 
of  difference  in  the  two  groups  of  units  will  be  midway  between  each 
end  of  the  spectrum  and  its  centre — that  is  to  say,  in  the  situation  of 
the  yellow  and  the  blue-violet  rays  respectively,  and  will  fade  off  from 
this  on  either  side. 

As  a  matter  of  fact,  a  colour-blind  person  belonging  to  this  class,  on 
looking  at  the  spectrum  of  sunlight,  generally  describes  it  as  made  up 
of  two  colours — ^yellow  and  blue.  The  one  gradually  passes  into  the 
other,  and  the  intensest  portion  of  each  finds  its  counterpart  in  the 
yellow  of  the  buttercup  and  the  blue-violet  of  the  corn-flower. 

The  next  step  will  be  the  perception  of  another  point  of  difference, 
and  this  will  be  located  at  the  centre  of  the  series — that  is  to  say,  in 
the  midst  of  the  green.  Such  a  person  will  be  trichromic,  and  the 
colours  which  he  will  appreciate  will  be  red,  green,  and  violet. 

A  further  subdivision  will  take  place  in  each  of  the  halves  of  the 
spectnun,  between  either  end  and  the  central  point ;  and  as  the  waves 
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are  longest  at  the  red  end,  the  new  point  of  difference  will  appear  first 
between  the  red  and  the  green,  namely,  in  the  position  of  the  yellow. 
In  the  same  manner  the  next  point  of  difference  to  appear  will  be 
situated  between  the  green  and  the  violet,  namely,  in  the  position  of 
the  blue. 

The  sixth  point  of  difference  will  appear  on  the  red  side  of  the 
fourth,  namely,  in  the  position  of  the  orange.  The  seventh  point  of 
difference  will  be  located  between  the  green  and  the  violet — that  is  to 
say,  there  will  be  two  points  of  difference,  or  colours,  seen  between  the 
green  and  the  violet  instead  of  one.  The  series  might  be  extended  ad 
infinitum^  but  as  no  one  appears  to  be  able  to  appreciate  more  than 
seven  colours  in  the  spectrum,  it  is  needless  to  follow  the  argument 
further. 

Literature  on  Colour-Blindiuss. — Abnej:  Joiim.  Soc.  Arts,  xl.  1891-92,  p.  676. 
Burnett:  Arch.  Ophtli.  N.  Y.,  x.  1881, jp.  1 ;  also,  Reprint.  Cohn:  Studien  iil). 
angeborene  Farbenblindheit,  1879  ;  aUo^  B6rl.  klin.  Wochnschr.,  xviiL  1885,  p.  265. 
Donders:  Ann.  d'ocul.,  Brux.,  xxiil  1850,  p.  127:  also,  Brit  Med.  Joum.,  1880, 
ii.  p.  767.  Fick:  Arb.  a.  d.  physiol.  Lab.  d.  Wiirzb.,  iiL  1876,  p.  213.  Hart: 
Brit.  Med.  Jojim.,  1869,  L  p.  46.  Helmholtz :  Verhandl.  d.  naturh.-med.  ver.  zu 
Heidelb.,  1859-62,  ii.  p.  1.  Holmgren :  De  la  cecite  des  couleurs  dans  ses  rapports 
avec  les  chemins  de  fer  et  la  marine  ;  Transl.  from  Swedish,  1877  ;  also,  Die  Arbeiten 
des  Herrn  Prot  Cohn  lib.  Farbenblindheit,  1879.  Jeffries  :  Colour -Blindness  ;  its 
Dangei-8  and  Detection,  1879  ;  also,  Lancet,  1880,  ii.  p.  7  ;  Ibid.,  p.  891 ;  also,  Joum. 
Nerv.  and  Ment.  Dis.,  N.  Y.,  vi.  1881,  d.  433.  Leber  (in  Disease  of  the  Eye) :  Berl. 
klin.  Wochnschr.,  vii.  1870,  p.  8.  M*6illivraj  (Central  Colour  Defect) :  Brit  Med. 
Joum.,  1892,  ii.  p.  178.  Mackaj  (Quantitative  Estimation  of  Colour  Sense) : 
Brit.  Med.  Joum.,  1892,  ii.  p.  626.  Mag^nus :  Arch.  f.  Onhth.,  xxiv.  1878,  p.  171. 
Mauthner :  Allg.  Wien.  med.  Ztg.,  xxiv.  1879,  p.  491.  Nettleship  (in  Disease  of 
Optic  Nerve) :  Brit.  Med.  Joum.,  1880,  ii.  p.  779.  Poles :  Trans.  Roy.  Soc.  Edin., 
xxxvii.  1893,  Pt.  IL  p.  441.  Preyer :  CentralbL  f.  d.  med.  Wissensch.,  xix.  1881, 
p.  1.  Rose  (in  Santonin  Poisoning) :  Arch.  f.  path.  Anat.,  xix.  1860,  p.  522  ;  Ibid., 
XX.  1861,  p.  245.  Royal  Sodehr  of  London,  Report  on,  1892.  Rutherford : 
Nature,  xlvi.  1892,  p.  342.  Stifling: :  Ueb.  Farbensinn  u.  Farblindheit,  1878. 
Wolfe:  Med.  Times  and  Gaz.,  1879,  i.  pp.  372,  419.  Wright:  Nineteenth  Cen- 
tury, xxxi.  1892,  p.  648.     Young:  Phil.  Trans.,  1802,  pp.  12  and  387. 


Mechanism  of  the  Pupil  Reflexes  elicited  by  Light. 

953.  The  condition  of  the  pupil  is  of  the  greatest  diagnostic  im- 
portance in  cerebral  pathology.  It  is  to  be  borne  in  mind  that  differ- 
ences in  size  of  the  pupil  may  be  induced  either  by  spasm  or  paralysis 
of  its  respective  muscles.  Contraction,  for  instance,  may  be  the  result 
either  of  spasm  of  the  sphincter  or  paralysis  of  the  dilator  pupillae. 
The  sphincter  pupillae  is  controlled  by  the  third  nerve,  the  dilator  by 
the  sympathetic  and  the  fifth. 

The  reflexes  of  the  pupil  called  forth  by  light  are  two,  namely,  con- 
traction on  exposure  to  a  bright  light,  and  dilatation  on  removfd  to  a 
dull  light.  The  former  is  brought  about  by  contraction  of  the 
sphincter  pupillae,  the  latter  by  contraction  of  the  dilator. 

The  reflex  arc  concerned  with  contraction  of  the  sphincter  is 
usually  said  to  be  along  the  optic  nerves  and  tracts  to  the  anterior 
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corpora  quadrigemina,  thence  to  the  underlying  nucleus  of  the  third 
nerve  on  the  floor  of  the  aqueduct  of  Sylvius,  and  along  the  third 
nerve  itself  to  the  iris.  As  the  third  nerves  decussate  extensively 
across  the  middle  line,  a  stimulus  fi*om  one  eye  causes  contraction  of 
both  pupils. 

Of  late  years,  this  reflex  connection  has  been  called  in  question. 
Bechterew  (No.  511,  xii.  1884,  p.  57),  from  experiments  made  upon 
dogs  and  birds  some  years  ago,  concluded  that  the  reflex  arc  for  the 
contraction  of  the  pupil  to  light  is  not  that  usually  accepted.  The 
ingoing  tract,  he  holds,  runs  by  way  of  the  optic  nerve  up  to  the 
chiasma,  thence  to  the  gray  matter  lining  the  third  ventricle,  and 
continuously  onwards  from  this  along  the  floor  of  the  aqueduct  to  the 
nucleus  of  the  third  nerve. 

There  are  several  bundles  of  fibres  communicating  with  the  optic 
above  the  chiasma.  One  of  these  is  Meynert's  commissure 
(Sect  947).  Whether  this  is  concerned  in  the  above  reflex  or  not  is 
still  unsettled.  Should  it  turn  out  that  Bechterew's  notion  is  true  it 
can  easily  be  understood  how  alterations  of  brain  pressure  might  induce 
stimulation  or  paralysis  of  these  bundles  of  fibres.  They  lie  embedded 
in  the  lamina  cinerea  and  adjacent  gray  lining  of  the  third  ventricle, 
so  that  any  increase  of  the  pressure  of  the  liquid  within  the  latter 
would  injiuiously  affect  them  (see  Brain  Pressure^  Sect  905). 

The  fibres  concerned  with  contraction  of  the  dilator  can  be  traced 
to  two  sources.  One  of  these  is  the  sympathetic,  arising  from  the  spinal 
cord  in  the  neighbourhood  of  the  seventh  and  eighth  cervical  and  the 
flrst  and  second  dorsal  spinal  nerves,  the  so-called  cilio-spinal  centre 
of  Budge  (No.  556).  Another  is  from  the  fifth  nerve.  The  evidence 
in  favour  of  the  sympathetic  fibres  connected  with  the  dilator  pupillse 
being  derived  from  this  part  of  the  cord  is  that  destructive  lesions  of 
the  above  cilio-spinal  region  are  known  to  cause  myosis  or  contraction 
of  the  pupil,  from  paralysis  of  the  dilator  fibres;  while  irritative 
affections  of  the  same  part  of  the  cord  induce  mydriasis  or  dilatation, 
from  stimulation  of  the  same. 

Centre  for  Regulation  of  the  Phenomena  connected 
WITH  Accommodation. 

954.  The  third  nerve  is  evidently  that  which  is  concerned  with  the 
act  of  acconmiodation,  the  narrowing  of  the  pupil,  and  the  convergence 
of  the  eyeballs  necessary  for  examining  a  near  object.  Fibres  of  this 
nerve  pass  into  the  ciliary  ganglion,  which  subsequently  are  distributed 
to  the  ciliary  muscle,  the  sphincter  of  the  pupil,  etc. 

According  to  the  experiments  of  Hensen  and  Volckers  (No.  518, 
xxiv.  Ab.  I.  1878,  p.  1),  the  movements  of  accommodation  are  quite 
independent  of  the  corpora  quadrigemina.  The  centre  which  regulates 
them,  like  that  concerned  with  light  reflexes,  appears  to  lie  on  the 
iloor  of  the  third  ventricle  and  aqueduct 
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They  find,  when  the  cerebral  hemispheres  in  the  narcotised  dog 
are  more  or  less  completely,  and  the  corpora  quadrigemina  completely 
removed,  so  as  to  expose  the  gray  matter  of  the  floor  of  the  third 
ventricle  and  aqueduct,  that,  on  *  stimulating  the  floor  of  the  third 
ventricle  immediately  over  the  corpora  mammilaria,  close  to  the  middle 
line,  with  a  weak  induction  current,  movements  of  accommodation 
(tensor  choroidese)  are  elicited.  Contraction  of  the  iris  is  induced  by 
the  application  of  the  electrodes  a  little  farther  back;  that  of  the 
rectus  internus  by  stimulation  of  the  border  zone  between  the  aqueduct 
and  the  third  ventricle.  Then  follow  in  respective  order  the  areas 
controlling  the  rectus  superior,  the  levator  palpabr»  superioris,  the 
rectus  inferior,  and  lastly  the  obliquus  inferior. 

Centre  for  Lateral  Movements  of  the  Eyeballs. 

955.  The  movements  of  convergence  of  the  eyeballs  induced  by 
stimulation  of  the  floor  of  the  aqueduct,  it  should  be  remembered,  are 
quite  independent  of  those  concerned  with  conjugate  contraction  of  the 
ocular  muscles  for  the  lateral  movements  of  the  eyeballs.  In  the 
former  case,  the  two  internal  recti  come  into  play,  in  the  latter,  the 
external  rectus  of  the  one  eye  and  the  internal  rectus  of  the  other. 
The  centres  for  each  set  of  movements  seem  to  be  apart,  for  while  the 
one  class  of  movement  may  be  paralysed  the  other  may  remain. 

It  was  supposed  by  Foville  (No.  244,  iii.  1858,  p.  393)  that  the 
centre  for  the  conjugate  lateral  movements  of  the  eyeball  resides  in 
each  abducens  nucleus  or  its  neighbourhood.  A  case  is  reported  by 
Ferr^ol  (No.  150,  1873,  No.  xlvii.)  where  a  tubercle  affecting  the 
nucleus  of  the  sixth  was  followed  by  paralysis  of  the  rectus  extemus 
of  the  one  eye  and  of  the  rectus  internus  of  the  other.  The  power 
of  convergence  was  retained  while  the  movements  of  monocular  vision 
were  free.  Similar  observations  have  been  made  by  Wernicke  (No. 
517,  vii.  1877,  p.  513).  Bennett  and  Savill  (No.  521,  xii.  1890, 
p.  102)  report  a  case  where  a  small  area  of  hemorrhagic  destruction 
in  the  left  abducens  nucleus  gave  rise  for  a  month  before  death  to 
persistent  conjugate  deviation  of  the  eyeballs  to  the  right. 

Experimental  evidence  also  supports  the  view  that  there  exists  a 
co-ordinating  reflex  centre  in  this  neighbourhood — that  is  to  say,  in  the 
lower  part  of  the  pons.  Laborde  (No.  204,  1878,  No.  iii.)  and  Graux 
(No.  555)  have  shown  that  when  the  abducens  nucleus  is  punctured 
in  an  animal  conjugate  movement  of  the  eyeballs  follows  to  the  same 
side  ;  and  when  it  is  destroyed  a  corresponding  paralysis  follows,  with 
the  eyes  drawn  to  the  opposite  side. 

Ophthalmoplegia. 

956.  The  disease  was  first  noticed  by  v.  Graefe.^  The  patient,  a 
man  aged  forty,  in  whom  it  occurred  presented  a  complete  paralysis  of 

'  See  Bibliog.  for  historical  references. 
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all  the  twelve  moto-ocular  muscles  with  preservation  of  vision  and 
power  of  accommodation. 

Hutchinson's  paper,  published  more  than  twenty  years  after  v.  Graefe's  first  con- 
tribution to  the  subject,  drew  especial  attention  to  it  in  this  country.  The  works  of 
Buzzard,  Bristowe,  and  more  particularly  the  very  thorough  posthumous  publica- 
tion of  Westphal,  have  done  muq^  to  elucidate  the  pathology  of  this  remarkable 
affection. 

It  commences  usually  with  drooping  of  the  eyelids,  which  is  soon 
followed  by  weakness  in  all  the  muscles  influencing  the  position  of  the 
eyeball,  so  that  the  movements  of  the  eyeball  are  either  restricted  or 
lost.  It  is  commonly  a  bilateral  affection,  but  has  not  necessarily 
advanced  to  the  same  degree  on  both  sides.  The  paralysis,  however, 
spreads  among  groups  of  muscles.  The  disease  may  be  accompanied 
by  locomotor  ataxia.  Graves'  disease,  hemiplegia,  wasting  palsy,  etc, 

Westphal  (No.  517,  xxii.  1891,  Suppl.  Hft.,  p.  127)  found  in  his 
cases  that  the  lesion  affected  either  {I)  the  nuclei  of  the  ocvh-moUrr  nerves^ 
or  (2)  the  nerve  trunks  in  their  intramedullary  course.  The  former  is  the 
commoner  of  the  two  causes,  and  when  it  is  present  the  fibres  issuing 
from  the  nuclei  are,  as  a  rule,  simultaneously  diseased.  In  the  case 
of  the  abducens  and  the  oculo-motorius  the  lesion  of  the  nucleus  is 
usually  bilateral.  In  some  cases  the  cells  have  gone ;  in  others  they 
are  shrunken  and  devoid  of  processes,  the  nucleus  is  indistinct,  and 
vacuoles  are  occasionally  present  in  the  cell  protoplasm.  In  two  of 
Westphal's  cases  there  was  pigmentation  of  the  trochlearis  nucleus. 
The  fibres  tend  to  fall  to  pieces.  There  is  no  particular  disease  of  the 
walls  of  the  vessels,  nor  are  there  haemorrhages  into  the  nerve  nuclei. 
The  glia-tissue  from  which  the  nerve  cells  and  fibres  have  disappeared 
is  rich  in  connective  tissue  ceUs,  especially  in  spider  cells,  which  often 
form  a  thick  felt- work.  The  process  of  degeneration  appears  to  be 
one  which  is  primary  in  the  ganglion  cells.  They  seem  to  vanish 
simply  by  shrinkage.     The  muscles  afiected  lose  in  bulk. 

The  fiict  that  the  oculo-motor  muscles  may  be  paralysed  separately  or  in  groups 
would  point  to  the  likelihood  of  the  nucleus  of  the  third  nerve  being  segmented. 
Darkschewitsch  (No.  61,  1889,  p.  107)  states  that  running  on  either  side  of  the  floor 
of  the  aqueduct  of  Sylvius  and  beneath  the  anterior  corpora  quadrigemina  there 
are  two  groups  of  cells  arranged  in  columns.  They  are  quite  separate.  The  lower 
is  undoubtedly  the  classical  nucleus  of  the  third  nerve,  and  he  holds  that  the  upper 
most  also  be  reckoned  as  appertaining  to  this  nerve.  The  two  nuclei,  however, 
differ  in  character,  particularly  in  regard  to  their  cells.  Those  in  the  upper  nucleus 
are  small,  those  in  the  lower  large. 

As  previously  described  (p.  705),  Henseu  and  Volckers  have  attempted  to  arrange 
the  various  subdivisions  of  the  third  nucleus,  from  experimental  evidence,  in  the 
following  order  from  before  backwards  : — 

(1)  Accommodation  (tensor  choroideo;). 

(2)  Sphincter  iridis. 

(3)  Rectus  intemus. 

(4)  Rectus  superior. 
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(5)  Levator  palpabne  superioris. 

(6)  Rectus  inferior. 

(7)  Obliquus  inferior. 

Bruce  (No.  189,  xvil  1889-90,  p.  168)  has  also  attempted  the  same  on  anatomical 
grounds.  From  the  histological  examination  of  the  third  nucleus  in  the  foetus  and 
in  the  adult  he  concludes  that  it  may  be  subdivided  in  the  following  manner:  (1) 
an  anterior  group  ;  (2)  a  postero-extemal  group  ;  (8)  a  median  nucleus  ;  (4)  a  postero- 
internal nucleus ;  and  (5)  a  superior  nucleus.  Without  expressing  any  positive 
opinion  as  to  their  functions  he  thinks  it  likely  that  the  inferior,  anterior,  and  postero- 
lateral (including  the  external)  groups  of  nuclei  are  connected  with  the  extrinsic 
muscles  of  the  eyeball  and  the  elevator  of  the  eyelids  ;  and  that  the  median  and  the 
postero-intemal  nuclei  are  the  centres  for  accommodation  and  contraction  of  the 
pupil. 

Literature  on  Ophthalmoplegia. — Bramwell  (Ophthalmoplegia) :  In  his  Atlas  of 
Clin.  Med.,  1891,  i.  p.  122.  Bristowe :  Brain,  viil  1886,  p.  313  ;  also  (Conjugate 
Deviation  of  Eyes  from  Tumour  of  the  Pons),  Brain,  xiv.  1891-92,  p.  289.  Buzzard  : 
Brain,  v.  1883,  p.  34.  ▼.  Graefe :  Ai-ch.  f.  Ophth.,  1856,  p.  299  ;  1866,  p.  265  ; 
also,  Berl.  klin.  Wochnschr.,  1868,  p.  126.  Hutchinson:  Med.  Chir.  Trans., 
Lond.,  Ixi.  1878,  p.  216  ;  Ixii.  1879,  p.  307.  Sauvineau  :  Pathogenic  et  diagnostic 
des  ophthalmopl^es,  1892.  Wes^hal :  Arch.  f.  Psychiat.,  xxii.  (Suppl.  Bd.) 
1891,  p.  1. 

Optic  Neuritis. 

957.  Causes. — The  importance  of  this  as  an  indication  of  brain 
disease  cannot  be  exaggerated.  It  is  one  of  the  most  constant  indica- 
tions of  tumours  located  in  almost  any  part  of  the  brain.  It  also 
accompanies  hydrocephalus  and  basal  meningitis.  It  is  rare  in 
abscess  of  the  brain  and  in  focal  haemorrhages. 

The  disease,  however,  is  not  always  due  to  intracranial  causes. 
Orbital  tumours,  periostitis  of  the  orbit,  etc.,  may  secondarily 
affect  the  nerve. 

It  is  also  induced  by  certain  general  morbid  conditions  of  the 
body,  such  as  typhus,  measles,  pneumonia,  puerperal  and 
scarlet  fevers,  and  more  particularly  chronic  Bright* s  disease. 
Exposiu'e  to  cold  or  the  continued  influence  of  a  brilliant  and  concen- 
trated light  has  been  said  to  occasion  it 

Forms. — There  are  said  to  be  two  varieties,  one,  where  the  dis- 
ease commences  in  the  brain  and  descends  along  the  optic  nerve  to  the 
retina,  so-called  descending  optic  neuritis ;  another,  where  the  disease 
arises  in  the  retina  and  in  the  nerve  just  as  it  enters  the  eyeball,  the 
so-called  choke-disc  form,  engorged  papilla,  or  what  is  sometimes  known 
as  ascending  optic  neuritis. 


Descending  Optic  Neuritis. 

V.  Graefe  supposed  that  the  starting-point  of  this  was  a  meningitis. 
It  is  the  form  oftenest  associated  with  tumours,  and  occasionally  these 
certainly  are  accompanied  by  meningitis.      This,  however,  will  not 
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explain  all  cases,  for  in  a  large  proportion  of  instances  of  descending 
optic  neuritis  there  is  an  absence  of  meningitis. 


■:l*^^,_i 


Fig.  463. — Descendivo  Optic  Neuritis  from  Tumour  of  Cerebral  Hemisphere  shown  in 
Fio.  465.    Section  through  the  Entrance  of  the  Nerve  (x40  Diams.) 

(scl)  Sclerotic  comparatively  free  from  any  inflammatory  infiltration ;  (r)  retina,  its  various 
layers  stained  with  the  hamatoxylene.  It  has  become  detached  from  the  choroid  (ch).  (r)  Engorged 
vessels  of  the  choroid  ;  (N)  the  nerve  as  it  pierces  the  cribriform  lamella.  The  small  points  seen 
in  its  substance  are  inflammatory  cells,  (v.d.)  Engorged  vessels  of  the  disc  ;  (d)  the  disc ;  («)  sub- 
arachnoid spaces  in  the  sheath  of  the  nerve  distended  with  liquid ;  (fi.m.n.)  oculo-motor  nerves 
(Hiematoxylene,  Eosin,  and  Clarifled). 


710 


THE  NERVOUS  SYSTEM 


PART  IV 


The  sheath  of  the  nerve  is  often  distended  with  fluid,  and  the 
distension  is  greatest  a  short  way  beyond  the  eyeball.  The  connective 
tissue  of  the  pial  sheath  and  of  the  trabeculaB  surrounding  the  bundles 
of  nerve  fibre  becomes  thickened  and  manifests  an  increase  of  its  cells. 


'VL$, 
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Fio.  404.— Descending  Optic  Neuritis  from  Tumour  of  Cerebral  Hemisphere  shown  in 
Fig.  4<35.  Transverse  Section  of  the  Nerve  a  short  way  above  its  Point  of  Entrance 
(x40  Diams.) 

(6.W.,  h.iu)  Bundles  of  nerve  fibres.  Tlie  dark  points  within  them  are  inflammatory  cells,  (ca.) 
Central  artery ;  (c.v.)  central  vein ;  (*.».)  subarachnoid  spaces ;  (d.s.)  dural  sheath ;  (a,f.)  areolur 
tissue  around  the  nerve  ;  (o.wj.w.)  oculo-motor  ner^'e  (Hapmatoxylene,  Eosin,  and  Clarified). 


A  like  cellular  increase  can  be  noticed  between  the  individual  nerve 
fibres  (Figs.  463,  464).  The  nerve  fibres  become  irregularly  thickened 
and  present  an  unusually  varicose  appearance,  while  the  medullary 
sheath  becomes  granular.      In  advanced  cases  the  openings  in   the 
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lamina  cribrosa  become  distended  and  the  tissue  of  the  lamina  itself  is 
greatly  altered. 
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There  is  thus  engendered  a  chronic  interstitial  thickening  of  the 
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fibrous  basis  of  the  nerve,  with,  it  may  be,  destruction  of  the  nerve 
fibres.  The  condition  would  be  named  in  other  localities  a  cirrhosis 
or  sclerosis  of  a  nerve. 

Its  Pathology. — When  we  come  to  inquire  how  it  is  brought  about, 
we  meet  with  difficulty.  There  are  possibly  two  circumstances  which 
may  account  for  it :  (1)  Either  that  the  disease  of  the  brain  raises  the 
pressure  of  the  cerebro-spinal  liquid  within  the  cranium,  and  that  this, 
through  the  free  communication  which  exists  between  the  two,  reacts 
upon  the  liquid  within  the  sheath  of  the  nerve.  This  interferes  with 
the  circulation  within  the  nerve  itself  and  brings  about  a  chronic 
inflammatory  condition.  (2)  Or  that,  in  the  case  of  brain  tumours  at 
least,  the  disease  is  simply  an  extension  downwards  of  the  sclerotic 
condition  of  the  brain,  which  almost  always  accompanies  these  tumours 
(see  p.  577).  It  cannot  be  due  invariably  to  increased  brain  pressure, 
because  there  are  cases  where  from  a  tumour  of  a  remote  part  of  the 
organ  the  neuritis  is  confined  to  the  eye  of  the  same  side. 

The  optic  neuritis  which  follows  upon  tumours  of  the  brain  is 
quite  independent  of  situation.  It  may  be  caused  by  a  tumour 
located  in  almost  any  part  of  the  organ.  How  is  this  to  be  accounted 
for  ?  Were  it  due  to  a  general  cause,  such  as  the  increased  pressure 
of  the  cerebro-spinal  liquid,  this  peculiarity  might  be  explainable.  At 
the  same  time,  it  is  to  be  remembered  (Sect.  947)  that  the  optic 
directly  or  indirectly  is  connected  with  almost  every  part  of  the 
cerebrum,  and  hence  that  a  chronic  cerebritis  might  very  readily  pass 
downwards  from  various  localities  into  its  trunk. 


Ascending  Optic  Neuritis, 

The  choke-disc  or  engorged  papilla  form,  so  far  as  the  part  of  the 
nerve  immediately  adjacent  to  the  cribriform  lamella  and  that  within 
it  are  concerned,  might  be  readily  enough  traced  to  increased  pressure 
of  the  cerebro-spinal  liquid.  The  vessels  become  more  or  less 
strangulated,  with  the  result  that  the  circulation  through  them  is 
impeded.  A  chronic  congestive  state  of  the  nerve  and  of  its  expansion 
in  the  retina  is  thus  engendered  with  all  its  attendant  evils. 


Condition  of  the  Retina, 

The  rosy  tint  which  the  disc  natiu'ally  possesses  is  increased,  and 
its  edge  becomes  indefinite  and  more  or  less  fused  with  surrounding 
parts.  The  whole  disc  may  become  so  swollen  that  the  natural  or 
physiological  cupping  vanishes.  It  may  in  some  cases  present  a 
woolly  appearance  radiating  into  the  neighbouring  retina.  The  veins 
are  tortuous  and  engorged  or  varicose,  while  the  arteries  are  indistinct 
from  their  diminished  volume.  Exudation  in  course  of  time  takes 
place  into  the  retina,  so  that  the  vessels  as  they  turn  over  the  edge  of 
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the  disc  are  more  or  less  completely  buried  in  the  effusion  and  are 
correspondingly  obscured.  Extravasations  of  blood  may  take  place 
into  the  retina  whereby  portions  of  its  texture  are  permanently 
destroyed. 

One  curious  point  is  that  the  disease  may  have  far  advanced 
without  vision  being  seriously  impaired. 


Lesions  of  the  Corpora  Quadrigemina. 

958.  From  what  has  just  been  said  (p.  687)  it  is  evident,  in  the 
first  place,  that  the  corpora  quadrigemina  have  very  little  to  do 
with  the  sense  of  vision,  and  that  it  is  questionable  even  whether  they 
are  bound  up  with  the  ocular  reflexes  and  with  the  function  of 
associating  the  various  eye  muscles.  Like  the  caudate  nucleus,  they 
appear  to  be  structures  which  in  a  manner  have  become  effete.  The 
anterior  pair  are  probably  the  homologues  of  the  optic  lobes  of  types 
low  in  the  scale.  As  the  brain  increased  in  complexity,  however, 
the  functions  formerly  resident  in  them  seem  to  have  been  transferred 
to  other  parts. 

Disease  localised  within  them  is  rare,  but  a  tumour  has  been 
known  to  be  resident  within  them  for  weeks  or  months  without 
impairing  or  otherwise  affecting  vision,  without  even  interfering  with 
the  combined  action  of  the  ocular  muscles.  The  meagre  evidence 
existing  would  tend  to  the  belief  that  it  is  only  when  such  tumours 
come  to  press  upon  the  centres  on  the  floor  of  the  aqueduct  that 
disorders  of  co-ordination  are  noticed. 


CHAPTER  LXXXIV 

THE  NERVOUS  SYSTEM— {GoiUinued) 

The  Secondary  Degenerations. 

959.  Definition. — By  the  term  "Secondary Degeneration"  is  meant 
that  destruction  of  a  nerve  fibre  which  follows  separation  from  its  trophic 
nerve  cell.     It  is  not  dependent  upon  impaired  blood-supply. 

HistoricaL— Tiirck  (No.  12,  vi.  1851,  p.  288  ;  Ibid.,  xi.  1858,  p.  93  ;  and  Ibid., 
xiv.  1855,  p.  829)  first  gave  a  systematic  description  of  these  degenerations  as  seen 
in  the  cord,  although  the  appearances  characteristic  of  them  had  been  noticed  in  the 
brain  by  Cruveilhier  (No.  332,  Li  v.  xxxii.  p.  16)  in  the  year  1832.  About  the  same 
time  that  Tiirck  was  making  his  observations  on  the  spinal  cord  in  Man,  "Waller 
(No.  137,  iv.  1852,  p.  609)  published  his  experiments  upon  the  degeneration  as  it 
occurs  in  divided  peripheral  nerves  of  the  lower  animals.  The  excitation  of  secondary 
degenerations  experimentally  with  the  view  of  tracing  the  course  of  nerve  tracts,  or 
for  other  purposes,  has  come  to  be  known  consequently  as  the  "  Wallerian  method 
of  investigation." 

Secondary  Degeneration  in  Nerve  Trunks. 

960.  When  a  peripheral  nerve  is  divided,  or  what  is  better,  when 
a  piece  is  excised  so  as  to  sever  completely  the  continuity  of  the 
trunk,  the  peripheral  part  degenerates.  Within  forty-eight  hours  the 
myeline  is  seen  to  be  somewhat  broken  up  into  globules.  This 
becomes  more  evident  by  the  seventh  day,  when  fatty  degeneration  of 
the  myeline  drops  is  superadded.  The  nuclei  of  the  sheath  of 
Schwann  increase  in  size,  and,  it  is  said,  also  in  number. 

Most  likely  pari  passu  with  these  evidences  of  decay  in  the 
enveloping  sheaths  of  the  axis -cylinder,  the  axis -cylinder  itself 
begins  to  break  up  into  fragments.  By  the  end  of  about  six  weeks 
in  the  frog  and  toad  the  fibre  has  completely  degenerated,  and  is 
transformed  into  a  mere  nucleated  band. 

Sokolow  (No.  4,  i.  1874,  p.  300)  says  that  the  nerve  termina- 
tions in  muscles  also  degenerate  and  in  great  part  vanish. 
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Trophic  Centres  for  Peripheral  Nerves. — ^The  fact  of  the 
whole  nerve  trunk  degenerating  beyond  the  point  of  section,  and  of 
the  proximal  part  remaining  unimpaired,  shows  that  both  motor  and 
sensory  fibres  have  their  trophic  centres  high  up.  In  the  spinal  cord 
the  degeneration  takes  place  in  a  direction  according  with  that  in 
which  impressions  are  transmitted.  With  nerve  trunks,  however,  the 
case  must  be  different,  because  within  the  distal  segment  of  the  nerve 
the  sensory  and  other  centrifugal  fibres  degenerate  as  well  as  the 
motor. 

The  bulk  of  the  centrifugal  fibres  seem  to  derive  their  trophic 
influence  from  the  large  multipolar  cells  in  the  anterior  horn  of  gray 
matter  in  the  cord ;  while  the  centripetal  fibres  also  appear  to  have 
their  trophic  centres  in  the  gray  matter,  probably  in  that  of  the 
posterior  horn.  It  is  questionable  whether  the  ganglion  on  the 
posterior  root  plays  the  part  of  a  trophic  centre  for  any  of  the 
centripetal  ^bres.  The  fact  which  favours  the  view  that  it  does  not 
is  that,  so  far  as  known,  descending  degeneration  does  not  follow  in 
the  nerve  trunk  when  the  posterior  spinal  root  is  divided  on  the 
proximal  side  of  the  ganglion. 


The  Tracts  of  Fibres  found  in  the  Normal  Spinal  Cord. 

961.  Beginning  in  front  there  lies  (see  Fig.  466)  a  somewhat  triangular  tract  of  fibres 
immediately  adjacent  to  the  anterior  fissure.  It  is  known  as  the  direct  pyramidal 
tract  or  column  of  Ttirck  (D.P.T.).  Outside  this  is  a  part  of  the  anterior  column 
whose  fibres  probably  are  commissural  between  diflFerent  levels  of  the  cord.  It  is 
named  the  anterior  mixed  zone.  Passing  through  it  are  the  anterior  roots  of  the 
spinal  nerves  ;  hence  to  the  particular  region  from  which  they  issue  the  term  anterior 
root  zone  is  sometimes  applied.  Bounding  it  superficially  is  a  narrow  strip  of 
white  matter  called  the  antero-lateral  tract  of  Gowers.  This  was  supposed  formerly 
to  be  simply  part  of  the  direct  cerebellar  tract,  but  this  view  has  lately  been  dis- 
proved. Occnpying  the  greatest  area  in  the  lateral  column,  lying  somewhat 
deeply,  and  abutting  upon  the  posterior  horn,  is  a  wedge-shaped  tract  of  great  size 
and  of  primary  importance — the  crossed  pyramidal  tract— so  called  because  the 
motor  fibres  which  have  decussated  in  the  anterior  pyramids  are  concentrated 
within  it  Occupying  the  circumference  of  the  cord  back  to  the  posterior  nerve 
root  is  the  direct  cerebellar  tract.  Immediately  behind  this,  and  still  lying  at  the 
circumference  of  the  cord,  comes  next  a  column  of  fibres  known  as  Lissauer's  tract. 
It  is  separated  into  two  by  the  posterior  nerve  root. 

The  posterior  column  is  divided  by  the  interfunicular  artery  into  an  inner  and 
an  outer  half.  The  inner  is  wedge-shaped  and  is  known  as  the  postero-intemal 
column  or  tract  of  GoU ;  the  outer  goes  by  the  name  of  the  postero-extemal 
column  or  tract  of  Burdach.  In  the  medulla  oblongata  these  become  respectively 
the  funiculus  g^radlis  and  the  funiculus  cuneatus.  Tlie  former  encloses  a  mass  of 
nerve  cells  known  as  the  davate  nucleus,  the  latter  a  similar  mass  called  the 
trian^fular  nucleus. 

A  good  many  of  the  fibres  of  the  posterior  nerve  root  pass  inwards  at  the 
posterior  and  outer  angle  of  the  column  of  Burdach.  This  area  is  named,  accord- 
ingly,' the  posterior  root  zone. 
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Lying  in  the  bay  constituted  by  the  junction  of  the  two  horns  of  gray  matter, 
and  immediately  adjacent  to  the  gray  matter,  is  a  thin  band  of  white  substance— 
the  lateral  boundary  zone. 

Descending  Secondary  Degenerations  following  Lesions  of 

THE  Brain. 

Trophic  Centres  for  descending  Fibres, 

962.  Tiirck  regarded  the  basal  ganglia  as  the  trophic  centres  for 
the  fibres  descending  from  the  brain  to  the  cord.      He  found  that, 
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Fio.  406.— Representation  ok  Tracts  of  the  iSriNAL  Ck)RD.    (Aft€'r  Flechslg.     From  a  drawing 
lent  the  author  by  Dr.  Bulloch,  and  reproduced  with  Prof.  Flechsig's  kin<l  penuiiwion.) 

when  these  were  destroyed,  a  descending  degeneration  followed  within 
the  pyramidal  tracts  below.  This  view  is  not  entertained  at  the  present 
day.  We  know  now  that  the  trophic  centres  for  the  pyramidal  tracts 
are  located  in  the  motor  cerebral  cortea-,  not  in  the  corpus  striatum,  as 
Tiirck  supposed.  The  cause  of  the  descending  degeneration  in 
destructive  lesions  of  the  basal  ganglia  is  that  the  fibres  of  the  inner 
capsule  coming  from  the  cortex  are  usually  torn  across.  As  in  the 
cord  so  in  the  brain,  the  distal  part  degenerates  no  matter  where  the 
continuity  of  the  fibre  is  interrupted. 
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General  Course  followed  by  the  Degenei'iiting  Fibres. 

The  fibres  which  in  Man  degenerate  in  a  direction  downwards  are 
derived  in  great  part  from  the  so-caDed  motor  area  of  the  cerebral 
cortex.  Immediately  beneath  the  point  of  injury  to  the  cortex,  and 
while  as  yet  within  the  centrum  ovale,  the  degeneration  is  somewhat 
diffuse,  but  when  the  inner  capsule  is  reached  the  degenerated  tract 
becomes  limited  chiefly  to  the  knee  and  anterior  two-thirds  of  the  posterior 
limb  of  the  inner  capsule.  It  is  next  found  in  the  crusta  or  superficial 
layer  of  the  cerebral  peduncle.  Then  entering  the  pons  its  fibres 
break  up  into  bundles,  to  become  again  concentrated  in  the  anterior 
pyramid  of  the  same  side.  About  three-fourths  of  them  cross  in  the 
pyramids  to  run  down  the  opposite  lateral  column  of  the  cord  in  what  is 
known  as  the  crossed  pyramidal  tract.  The  remainder  pass  into  the 
crossed  and  direct  pyramidal  tracts  on  the  same  side  of  the  cord. 

Bilateral  Degreneration. — Up  to  a  given  time  the  degenerative 
changes  in  the  cord  are  confined  to  the  crossed  pyramidal  tract  of  the 
side  opposite  to  the  cerebral  lesion.  In  due  course,  however,  the 
degeneration  begins  to  show  itself  in  the  crossed  pyramidal  tract  of 
the  same  side.  The  new  tract  is  so  evident  as  to  be  traceable  with 
the  naked  eye  from  the  thiid  cervical  root  throughout  the  whole 
cervical  enlargement. 

This  bilateral  degeneration  of  the  crossed  pyramidal  tract  as  a  result  of  a 
unilateral  cortical  lesion  has  long  been  recognised.  Charcot  many  years  ago  drew 
attention  to  it  in  cases  of  old-standing  hemiplegia.  Pitres  (No.  4,  iii.  1884,  p.  142) 
described  nomerons  instances  of  it  in  Man.  The  lesions  of  the  brain  which  occasion 
it,  he  says,  may  be  small,  but  always  have  a  bearing  upon  the  motor  area  of  the 
cortex  either  directly  or  through  the  fibres  emanating  from  the  parts  destroyed.  In 
all  cases  the  degenerated  tract  was  single  down  as  far  as  the  pons  and  anterior 
pyramid,  but  was  found  in  both  crossed  pyramidal  tracts  of  the  cord.  In  four  out 
of  ten  cases  the  degeneration  was  more  intense  on  the  side  opposite  to  the  cortical 
lesion,  but  in  six  it  was  symmetrical.  In  four  cases  the  direct  peduncular  tract 
(Tiirck's  column)  in  the  anterior  column  was  normal,  and  in  six  it  was  slightly 
altered,  but  there  was  no  constant  relationship  between  this  and  the  degeneration  in 
the  lateral  tracts.  In  the  four  cases  where  the  degeneration  in  the  lateral  columns 
was  unequal  on  the  two  sides  the  columns  of  Tiirfck  were  twice  normal,  once  they 
were  degenerated  on  both  sides  but  unequally,  while  in  the  remaining  instance  the 
column  was  sound  on  one  side  and  degenerated  on  the  other. 

Hadden  and  Sherrington  (Xo.  521,  viii.  1886,  p.  502)  found  this  bilateral 
degeneration  as  the  result  of  an  old  haemorrhage  into  the  inner  capsule. 

Moelli  (No.  617,  xiv.  1883,  p.  173)  produced  it  experimentally  in  dogs  as  a  result 
of  unilateral  excision  of  parts  of  the  cerebral  cortex.  The  opposite  pyramid,  he 
emphasises,  was  never  affected.  Muratoff  (No.  51,  1893,  Anat.  Ab.,  p.  97)  confirmed 
these  observations.  Schafer  (No.  179,  iv.  1883,  p.  316)  noticed  it  in  the  monkey  ; 
and  Boyce  (No.  6,  1893,  ii.  p.  688)  in  the  cat. 

Cause  of  Bilateral  Degeneration,  —  This  is  somewhat  obscure. 
Charcot  (No.  524,  p.  252)  supposed  that  it  was  the  result  of  some  of 
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the  pyramidal  fibres  crossing  in  the  anterior  commissure,  but  the 
argument  against  this  theory  is  that  the  anterior  commissure  is  always 
found  to  be  sound. 

Sherrington  (No.  179,  x.  1879,  p.  431)  believes  that  the  fibres  of  the  crossed 
pyramidal  tract  cross  the  middle  line  twice,  firstly  in  the  pyramids,  and,  secondly, 
lower  down.     On  that  account  he  calls  it  *  *  the  recrossed  tract. " 

According  to  Pitres  there  is  evidence  to  show  that  while  in  hemiplegia  with 
descending  degeneration  the  side  of  the  body  opposite  to  the  cerebral  lesion  is 
paralysed,  that  on  the  same  side  is  distinctly  paretic,  thus  pointing,  he  thinks,  to 
the  above  tract  being  cortical  in  its  origin.  It  is  an  interesting  anomaly,  however, 
if  this  be  so,  that  it  does  not  diminish  steadily  downwards,  but  is  more  voluminous 
in  the  lower  dorsal  and  lumbar  regions  than  in  the  mid-dorsal.  He  says  that  in 
Man  it  is  usually  first  noticed  between  the  third  and  seventh  cervical  nerve  roots. 

Curiously,  the  part  of  the  cortex  whence  this  degeneration  most  readily  proceeds 
is,  in  the  case  of  the  monkey,  at  the  lower  end  of  the  Rolandic  fissure,  a  region 
which  has*  been  shown  by  Semon  and  Horsley  to  elicit  bilateral  contraction  of  the 
laryngeal  muscles. 

Langley  in  supplementing  Sherrington's  explanation  supposes  that  the  tract  in 
question  may  be  accounted  for  by  the  motor  cells  in  the  anterior  comu  on  the 
side  opposite  to  the  lesion  degenerating.  From  these  cells,  there  is  reason  to 
believe,  fibres  arise  which  cross  in  the  commissure,  and  some  of  them,  he  alleges,  pass 
into  the  crossed  pyramidal  tract.  The  above  nerve  cells  in  old  hemiplegias  no  doubt 
sometimes  degenerate,  but  it  is  difficult  to  get  over  the  fact  that  the  anterior 
commissure  remains  uninjured.  Ziehen  (No.  175,  xviii.  1887,  p.  802),  while  denying 
that  there  is  any  direct  connection  of  the  cerebral  cortex  with  the  crossed  pyramidal 
tract  of  the  same  side,  supports  Langley's  view  that  there  may  be  this  indirect 
communication  through  the  intermediation  of  nerve  cells. 

These  theories  have  all  been  disproved  by  the  more  recent  observations  of  Muratoff 
(No.  51, 1893,  Anat.  Ab.,  p.  97),  Boyce  (No.  6,  1893,  ii.  p.  688),  and  Melius,^  made 
on  the  medulla  oblongata  and  cord  stained  by  Marchi's  method  (No.  621,  1887,  p. 
208).« 

From  these  researches  it  is  placed  beyond  doubt  that  the  fibres  of  each  pyramid, 
split  into  two  sets.  One  of  these,  the  larger  of  the  two,  goes  to  the  lateral  tract  of 
the  opposite  side,  another  to  the  corresponding  tract  on  the  same  side. 

^  Not  yet  published  ;  to  appear  in  Proc.  Roy.  Soc.  1894. 

2  This  method  is  as  follows : — A  small  brain  or  the  cord  is  hardened  in  MuUer's 
fluid  for  a  week,  or,  it  may  be,  is  plunged  into  hot  Miiller  (Mott).  In  the  case  of  the 
human  brain,  inject  with  Miiller's  fluid  as  described  in  vol.  1.  p.  56.  Then  cut  into  slices 
not  thicker  than  0*5  ctm.,  and  place  in  a  mixture  of  2  parts  Muller's  fluid  and  1  part  of 
a  1  per  cent  solution  of  osmic  acid.  Wash  thoroughly  and  embed  in  celloidin.  Clarify 
and  mount  in  Canada  balsam.  The  degenerated  fibres  stain  black,  and  do  not  lose  this 
on  being  clarified,  while  the  surrounding  parts  have  only  a  dull  grayish-brown  tint  The 
method  may  be  combined  with  Pal's  stain.  Schafer  recommends  the  following  adapta- 
tion : — Harden  for  a  month  in  Miiller's  fluid,  cut  sections,  and  then  put  into  the  above 
Marchi's  mixture  of  Miiller's  fluid  and  osmic  acid  for  twenty-four  hours.  Stain  over- 
night in  the  following : — 

Hasmatoxylene  1  grain  (dissolved  in  a  little  absolute  alcohol). 
Acetic  acid  2  c.c. 
Distilled  water  100  c.c. 

The  sections  become  black.  Bleach  by  Pal^s  method  (see  vol.  i.  p.  82),  allowing  the 
sections  to  remain  for  as  much  as  ten  minutes  in  the  permanganate  of  potash  solution, 
and  then  continue  the  bleaching  in  the  oxalic  acid  and  sulphite  of  potassium  mixture. 
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Periods  at  which  the  Degeneration  occurs  in  the  Cord. 

It  should  be  mentioned  that  the  degeneration  in  the  lateral  column 
of  the  same  side  differs  from  that  in  the  contra-lateral  in  being 
accompanied  by  far  less  overgrowth  of  connective  tissue.  In  the  fourth 
month  the  increase  of  the  connective  tissue  elements  in  the  opposite 
lateral  column  is  very  obvious ;  fine  blood-vessels  are  abnormally 
abundant  and  the  degenerated  tracts  are  paler  and  more  distinctly 
defined  than  before.  If  the  cerebral  lesion  has  been  large  the  pyramid 
of  the  same  side  as  the  lesion  is  recognisably  smaller  than  that  on  the 
opposite. 

When  the  fifth  month  has  been  reached  the  degeneration  of  the 
lateral  column  on  the  same  side  as  the  cerebral  injury  runs  (in  the 
dog)  throughout  the  cord  from  the  posterior  end  of  the  decussation  of 
the  pyramids  to  the  second  lumbar  nerve  root. 

Eleven  months  after  the  infliction  of  the  cerebral  injury  the 
pyramid  corresponding  to  the  injured  hemisphere  is  still  more  shrunken 
than  before,  and  it  is  with  great  diflRculty  that  any  degeneration  in 
the  lateral  column  on  the  same  side  can  be  shown. 

Localisation  of  particular  Fibres  in  the  Descending  Tracts. 

In  the  Inner  Capsule. — On  the  accompanying  scheme  (Fig. 
467)  are  marked  the  various  excitable  motor  regions  in  the  inner 
capsule  of  the  monkey,  according  to  Beevor  and  Horsley.  As  will  be 
noticed,  they  occupy  the  knee  and  anterior  two-thirds  of  its  substance. 
It  is  in  these  parts  also  that  the  descending  secondary  degenerations 
are  found. 

In  the  Substantia  Nigra.  —  The  substantia  nigra  does  not 
generally  suffer  from  the  effects  of  cortical  lesions.  In  the  case  recorded 
by  Bechterew  (No.  517,  xix.  1887,  p.  13),  and  previously  referred  to 
(p.  677),  however,  it  was  markedly  degenerated  and  shrunken  as  a 
result  of  cortical  lesion  combined  with  destruction  of  parts  of  the  basal 
ganglia.  Bechterew  looks  upon  the  injury  to  the  ganglia  as  accounting 
for  it,  holding  as  he  does  the  ganglion  to  be  connected  with  the  corpus 
striatum.  Witkowski  has  also  described  implication  of  the  substantia 
nigra  in  descending  degeneration. 

In  the  Pedunculus  Cerebri. — ^The  idea  for  long  entertained 
on  the  localisation  of  the  tracts  in  the  pes  pedunculi  was  that  fibres 
run  in  the  lateral  segment  (third),  that  segment  known  as  Tiirck's 
bundle,  which  subserve  purposes  of  sensation.  Flechsig  refuted  this 
view,  seeing  he  made  out  that  the  fibres  of  the  part  of  the  pes  in 
question  arose  from  the  cell  elements  of  the  pons.  It  was  also  formerly 
maintained  that  the  descending  motor  fibres  are  contained  in  the 
middle  third,  while  the  function  of  those  within  the  inner  third  was 
thought  to  be  uncertain.  These  views  have  of  late  undergone  con- 
siderable modification. 
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Bechterew,  in  the  above  case,  describes  very  carefully  the  secondary  degenerations, 
where  destructive  injury  annihilated  or  separated  from  subjacent  parts  the  following 
convolutions  on  the  left  side,  namely  :  the  greater  extent  of  the  frontalf  both  centrcUy 
all  the  parietal  aiid  temporal  convolutions^  together  with  the  island  of  Reil^  also  the 
major  part  of  the  occipital  lobes — that  is  to  say,  where  the  cortex  of  nearly  the 
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FUI.  467.--ARRAKGEMENT  OF  THE  MOTOR   FIBRE8   IN  THE   INNER  CaPSULE,    ACCORDING   TO 
BeEVOR  and   HOR8LEY. 

entire  left  cerebral\hemisphere  was  isolated  from  its  connections  below.  In  addition 
to  this,  the  outer  and  inner  capsules  were  totally  rooted  out,  as  well  as  the 
lenticular  and  caudatejnuclei,  and  the  lateral  portion  of  the  tlialamus. 

The  secondary  degeneration  of  the  pes  pedunculi  was  on  the  same  side,  and 
spread  throughout  all  its  parts.  The  entire  i>es  was  shrunken  so  that  it  appeared  to 
be  only  a  third  the  size  of  that  on  the  opposite  side.     All  three  segments^  the  inner. 
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middle,  and  outer,  were  involved,  and  there  was  also  undoubted  atrophy  of  the 
substantia  nigra. 

As  regards  other  parts,  the  pons  was  much  flattened  on  this  side,  and  all  its 
longltndinal  fibres  appeared  to  have  degenerated.  Not  only  the  fibres  but  the  nerve 
cells  seem  to  have  suffered,  more  particularly  at  the  upper  and  inner  levels.  The 
transverse  fibres  of  the  pons  had  not  deteriorated,  and  the  middle  cerebellar  ped- 
uncle showed  no  difference  on  either  side. 

Below  this  the  degeneration  was  confined  entirely  to  the  le/t  pyramid^  which  was 
only  half  as  large  as  the  right. 

Id  the  spinal  cord  the  degeneration  occupied  the  crossed  pyramidal  tract  of  the 
ctnUra-lcUeraX  column ;  while  there  was  not  a  trace  of  degeneration  in  the  anterior 
columns. 

This,  he  states,  is  the  only  case  on  record  where  the  entire  pes  degenerated  as  a 
result  of  a  cortical  brain  lesion. 

From  careful  study  of  the  effects  of  different  cortical  lesions  Zacher  (No.  517, 
xxiL  1891,  p.  654)  differentiates  the  tracts  in  the  pedunculus  in  the  following 
manner : — 

Suppose,  to  begin  with,  that  the  peduncle  is  divided  longwise  into  four  nearly 
equal  pcurts,  then  the  fibres  which  run  in  the  outer  fourth^  he  finds,  come  from  the 
occipital  and  temp&ro-sphenoidal  lobes,  and  reaching  the  upper  levels  of  the  pons, 
terminate  here. 

The  second  ovUennost  fourth  of  the  peduncle  is  in  great  part  occupied  by  the 
pyramidal  tract,  an  allegation  which  is  supported  by  Flechsig's  observations.  In 
destructive  ii\juries  of  the  motor  part  of  the  inner  capsule  fibres  must  be 
severed  which  have  nothing  to  do  with  the  pyramidal  tract.  These,  according  to 
Zacher,  end  in  the  pons.  They  also  run  in  the  second  outermost  fourth  of  the 
cms,  and  although,  as  just  said,  not  pyramidal,  are  often  included  under  this 
designation. 

The  fibres  of  the  third  fourth  of  the  pes  measuring  from  the  outer  border  arise 
most  likely  in  chief  part  from  the  corpus  striatum,  and  probably  also  from  the 
ascending  frontal  convolution, 

Flecbsig  supposed  that  the  medi^in  {inner)  fourth  received  its  fibres  from  the 
frontal  lobe.  With  this  Zacher  cannot  agree.  He  endeavours  to  prove,  on  the 
contrary,  that  the  fibres  running  in  this  innermost  or  mesial  fourth  of  the  pes  are 
derived  from  the  neighbourhood  of  the  island  of  Reil  and  base  of  the  lenticular 
nucleus,  and  find  their  peripheral  attachment  in  the  upper  levels  of  the  pons. 

In  the  Cord. — An  interesting  question  comes  to  be  whether 
particular  areas  in  the  descending  tracts  correspond  to  specific  regions 
of  the  cerebral  cortex.  The  general  impression  (Lowenthal,  Sherring- 
ton, and  others)  seems  to  be  that  although  the  absolute  number  of  the 
degenerated  fibres  in  the  case  of  the  crossed  pyramidal  tract  may  vary, 
yet  that  the  extent  of  stuiace  covered  by  them  is  alike,  whatever  the 
position  of  the  cortical  defect.  There  must  be  an  intermingling  there- 
fore of  the  fibres  of  the  tract  in  their  course  downwards. 

The  degeneration  of  the  crossed  pyramidal  tract  after  removal  of  the  "  cord 
area "  *  of  the  cortex  does  not,  according  to  Sherrington,  correspond  exactly  with 
Flechsig's  **  pyramidal  tract.*'  The  latter,  he  says,  is  greater  in  extent. 
Lowenthal  (No.  169,  xxxi.  1883,  p.  350)  remarks  that  the  secondary  degeneration 

^  See  p.  642. 
VOU  II  3  A 
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of  the  lateral  column  foUowiDg  cross  section  of  the  cord  is  much  larger  than  that 
propagated  from  a  brain  injury,  thus  showing  that  in  all  probability  a  considerable 
number  of  the  crossed  tract  fibres  are  derived  from  the  cord  itself. 

Ziehen  (No.  517,  xviiL  1887,  p.  300)  has  had  the  opportunity  of  examining  the 
parts  in  several  dogs  where  during  life  specific  portions  of  the  cortex  had  been 
excised. 

In  a  case  where  the  cortical  area  for  the  anterior  limb  on  the  left  side  had  been 
removed  two  and  a  half  months  previously  by  Munk,  he  found  that  the  degeneration 
in  the  cord  was  entirely  confined  to  the  right  lateral  column,  and  to  that  part  of  it 
lying  closest  to  the  gray  matter.  The  degeneration,  however,  was  not  absolute.  Un- 
degenerated  fibres  were  mixed  up  with  the  degenerated,  and  some  degenerated  fibres 
were  scattered  through  other  parts  of  the  tract.  High  up  in  the  cord  the  de- 
generated fibres  occupied  the  spaces  found  normally  within  the  meshwork  at  the 
side  of  the  gray  matter.  It  was  only  in  the  most  anterior  of  these  spaces  that  he 
could  discover  normal  nerve  fibres. 

Above  the  crossing  of  the  pyramids  the  chief  part  of  the  fibres  were  aggregated 
in  the  dorsal  and  lateral  parts  of  the  pyramids,  and  in  the  pons  they  constructed  a 
tract  quite  as  compact  as  that  within  the  cord. 

It  has  previously  been  remarked  that  in  the  dog  the  direct  pyra- 
midal tract  is  probably  absent.  In  Man,  as  the  result  of  a  brain 
lesion,  it  degenerates  very  irregularly,  in  some  cases  being  implicated, 
in  others  no  degeneration  being  perceptible.  Pitres  (No.  4,  iiL  1884, 
p.  142)  explains  these  anomalies  by  the  irregularity  in  the  distribution 
of  the  pyramidal  fibres.  Out  of  forty  cases  of  secondary  degeneration 
of  the  cord  from  unilateral  brain  lesion,  he  found  the  direct  tract 
degenerated  in  six,  but  the  extent  of  the  degeneration  was  uncertain 
and  always  slight.  In  one  case  only  did  he  find  it  in  the  lower 
dorsal  and  lumbar  regions.  In  three  cases  there  was  degeneration  of 
both  direct  tracts. 

Both  Sherrington  and  Singer  are  at  one  in  denying  the  existence  of  the  direct 
pyramidal  tract  in  the  cord  of  the  dog,  and  there  seems  no  reason  for  thinking  that 
the  degenerated  fibres  in  the  lateral  tracts  on  the  same  side  as  the  brain  lesion  are 
in  any  way  representative  in  the  dog  of  the  direct  pyramidal  tract  of  Man. 

So  far  as  the  facts  admit  of  generalisation  it  seems  allowable  to 
conclude : — 

(1)  That  the  tracts  which  are  contained  in  the  crusta  are  aU 
descending. 

(2)  That  the  function  of  a  large  proportion  of  them  is  motor,  but 
that  this  does  not  hold  good  of  the  whole  of  them. 

(3)  That  none  of  them  are  sensory. 

(4)  That  the  outer  fourth  contains  fibres  from  the  occipito-temporal 
region ;  that  the  fourth  next  to  this  carries  the  fibres  of  the  ped- 
uncular tract ;  that  the  fibres  in  the  third  fourth  measuring  from  the 
outer  border  arise  most  likely  from  the  caudate  nucleus  and 
ascending  frontal  convolution  ;  and  that  the  origin  of  the  fibres  in  the 
inner  (mesial)  fourth,  although  not  made  out  with  exactitude,  seems  to 
be  from  the  basal  ganglia  and  neighbourhood  of  the  island  of  Beil. 
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Distance  to  which  the  Descending  Tracts  extend. 

The  general  supposition  is  that  the  fibres  of  the  descending  tracts 
are  not  in  direct  communication  with  the  muscles,  but  that  the  nerve 
cells  of  the  anterior  horn  are  interposed.  There  is  difficulty, 
however,  in  making  out  the  actual  connection  between  the  descending 
lateral  tract  and  the  motor  cells  of  the  cord.  The  tract,  one  would 
think,  and  more  especially  is  this  true  of  the  lower  reaches  of  the  cord, 
retreats  as  far  as  possible  from  their  neighbourhood.  Moreover, 
although  the  nerve  cells  of  the  anterior  horn  are  sometimes  found 
degenerated  in  old  hemiplegics,  the  anterior  nerve  roots  never  are,  so 
long  as  the  nerve  cells  of  the  anterior  horn  are  intact. 

In  Man  the  crossed  pyramidal  tract  is  usually  said  to  end 
opposite  the  second  lumbar  nerve  root  Tooth  (No.  6,  1889,  i. 
p.  826)  has  traced  it  as  far  as  the  fourth  lumbar,  and  even  lower. 

Bouchard  stated  that  the  direct  pjrramidal  tract  did  not  extend 
downwards  farther  than  the  mid-dorsal  region.  Tooth,  however 
{loc,  cU,),  has  found  its  fibres  degenerated  at  the  eleventh  dorsal,  and 
even,  in  one  case,  at  the  second  lumbar,  as  the  result  of  an  inner 
capsule  lesion. 


Lesions  of  the  Brain  which  give  rise  to  Descending  Degeneration. 

The  ultimate  cause  of  descending  degeneration  from  a  lesion  of 
the  cerebral  cortex  is  of  course  the  separation  of  the  fibre  from  its 
trophic  nerve  cell.  The  causes  of  this  separation  are  usually  embolic 
or  porencephalous  softening:,  haemorrhag^e  into  the  basal 
g^anglia  and  inner  capsule,  tumours  of  the  pons  and  of  the 
spinal  cord,  or,  it  may  be,  fracture  and  dislocation  of  one  or 
more  vertebrae.  Schultze  states  that  he  found  the  crossed  pjrramidal 
tracts  absent  in  a  case  of  hydrocephalus,  but  suggests  that  they  may 
have  been  congenitally  wanting. 


Secondary  Degenerations  following  Destructive  Lesions 
OF  THE  Cord. 

It  has  now  been  ascertained  that  the  part  of  the  fibre  which  is 
separated  from  its  nerve  cell  degenerates  simultaneously  throughout 
its  course.  The  terms  "ascending"  and  "descending"  degeneration 
nevertheless  are  in  common  use  when  speaking  of  the  tracts  of 
degeneration  in  the  cord.  They  refer,  however,  to  the  centripetal 
or  centrifugal  function  normally  possessed  by  the  tracts  rather  than 
to  the  actual  course  followed  by  the  degeneration.  The  part  of  the 
divided  nerve  fibre  which  degenerates  is  in  accordance  with  the  direction 
in  which  the  fibre  transmits  impressions.     Thus  if  the  cord  be  divided 


724 


THE  NERVOUS  SYSTEM 


PART  IV 


transversely  certain  tracts  degenerate  above,  certain  below  the  point  of 
section.  Those  above  are  known  as  the  "  ascending,"  those  below  as 
the  "  descending  "  tracte. 


The  Descending  Degeneraiiom, 

963.  The  tracts  which  we  have  found  degenerating  downwards  as 
a  result  of  cortical  lesion  are  the  crossed  and  occasionally  the  direct 


m^mmm^^^^ 
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Fig.  468.— Deik-endino  Degeneration  of  the  Cord  resulting  from  its  Gomprehbion  and 

ALMOST  CJoMPLETE  SEVERANCE.      UpPER  DoRSAL  REGION  (X50  DiAMS.,  IwluCedX 

(d.p.t.)  Degeneration  in  the  direct  pjrramidal  tract;  (c.p.t.)  degeneration  in  the  crossed  pyra- 
midal tract  (Picro-caniiine  and  F'arrants'  Solution). 

pyramidal.  As  may  be  imagined,  the  degeneration  within  these 
proceeds  to  its  full  extent  when  the  result  of  transverse  section  of  the 
cord,  and  in  addition  to  these,  considerable  degeneration  is  usually 
noticed  in  the  anterior  mixed  zone  (Fig.  466).  This  zone  is  supposed 
to  consist,  in  part  at  least,  of  fibres  which  are  commissural  between 
different  segments  of  the  cord,  and  which  consequently  degenerate 
when  divided. 

Another  descending  tract  of  degeneration  of  less  constant  occurrence 
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lies  in  the  postero-lateral  column,  and  is  known  as  the  comma-shaped 
tmct  from  the  character  of  the  outline  presented  by  it  when  cut  across. 
Its  position  in  the  postero-lateral  column  is  such  that  it  divides  the 
column  equally.  It  is  most  often  seen  when  the  cord  is  divided  above 
the  fifth  dorsal  root. 

The  shape  of  the  crossed  pyramidal  tract  of  degeueratiou  in  MaD  is  more  or  less 
triangular.  In  the  dog  and  monkey  it  inclines  to  the  circular.  In  the  cervical  and 
upper  half  of  the  dorsal  regions  it  is  prevented  from  coming  to  the  surface  by  the 
narrow  superficial  slip  of  white  matter  known  as  the  direct  cerebellar  tract.     Below 


a.l.t. 
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Fio.  46©.— AscKNDiNo  SEcx)MDARr  Dbgekbration  or  THE  Cord  in  Cervical  Region  resulting 
mou  ITS  Compression  and  almost  Complete  Severance  in  upper  Dorsal  Rfxiion  (x50 
DiAMs.,  reduced). 

(fuLt.)  Antero-lateral  tract;  (d.c^)  direct  cerebellar  tract;  (f.G.) tract  of  GoU  (Ficro-carmioe 
and  Farrants'  SolutionX 

this,  however,  it  approaches  more  and  more  towards  the  surface.  It  gets  smaller  in 
its  progress  downwards,  and  hence  must  give  off  fibres  progressively.  It  is  largest 
opposite  the  second  dorsal  nerve. 


The  Ascending  Degeneratiom, 

964.  These  are  best  studied  when  the  cord  is  divided  experi- 
mentally in  animals  or  by  accident  in  Man.     A  good  deal  depends 
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upon  tbe  part  cut  across,  but  if  the  mid-dorsal  region  be  the  seat  of  it 
the  following  are  found  to  be  the  tracts  which  suffer  :  (1)  the  postero- 
external columns;  (2)  the  postero-intemal  columns;  (3)  the  direct 
cerebellar  tracts ;  (4)  frequently  the  small  wedge-shaped  tract  described 
by  Gowers,  and  named  the  "  antero-lateral  tract." 

It  must  not  be  supposed  that  the  ascending  tracts  are  all  necessarily 
sensory.  Although  the  course  of  the  fibres  which  are  bearers  of 
impressions  to  arouse  consciousness  is  not  as  yet  clearly  known,  still 
it  seems  to  be  generally  admitted  that  those  at  least  which  excite  a 
seme  of  pain  pass  upwards  in  the  gray  matter  of  the  cord  an  the  opposite 
side.  The  antero-lateral  tract  above  referred  to  has  been  asserted  to 
be  a  path  for  painful  impressions  (Gowers),  but  not  with  proof 
sufficiently  striking  to  bear  out  the  assertion. 

In  the  case  of  the  dog  the  following  was  found  by  Singer  (No.  12,  IxxxiiL  H.  1, 
Ab.  III.  1881,  p.  394)  to  be  the  localisation  and  coarse  of  the  ascending  tracts.  The 
true  "secondary  degeneration"  occupied  two  positions,  namely,  the  posterior 
columns  and  the  direct  cerebellar  tract.  Near  the  point  of  section  the  entire 
posterior  columns  were  the  seat  of  degenerated  fibres,  while  the  direct  cerebellar 
tract  had  already  become  sharply  demarcated  from  surrounding  parts. 

At  the  distance  of  a  nerve  interspace  above  this  the  destruction  of  nerve  fibres  in 
the  posterior  columns  began  to  be  less  general.  In  the  portions  of  the  columns  of 
Burdach  adjacent  to  the  posterior  horns  a  few  normal  fibres  now  made  their 
appearance,  and  in  the  fibres  of  the  posterior  commissure,  which  heretofore  were 
degenerated,  healthy  nerve  fibres  were  noticed.  Higher  up,  tlie  degeneration  of  the 
posterior  columns  began  to  retreat  more  and  more  into  GoWs  tracts,  and  ultimately 
became  entirely  confined  to  them  (see  p.  733).  It  did  not,  however,  occupy  the 
whole  of  these  columns,  but  was  confined  to  two  triangular  areas  at  their  most 
posterior  and  mesial  parts.  It  was  further  traced  upwards  throagh  the  medulla 
oblongata  to  the  nucleus  of  the  funiculus  gracilis. 

The  other  tract  of  degeneration  (direct  cerebellar)  lay  quite  superficially  in  the 
lateral  column.  It  extended  from  the  caput  comu  posterioris,  and  ran  alongside  of 
it  for  some  distance  forwards  to  the  attachment  of  the  ligamentum  denticulatum 
— that  is  to  say,  to  nearly  midway  in  the  periphery  of  the  antero-lateral  column. 
This  tract  commences  below,  in  Man,  about  the  level  of  the  ninth  dorsal  nerve 
(Kahler  and  Pick,  No.  617,  x.  1880,  p.  196). 

In  the  dog  it  is  by  no  means  sharply  cut  off.  Normal  fibres  were  present  within 
it,  and  anteriorly  its  degenerated  fibres  mingled  diffusely  with  those  of  the  anterior 
column.  In  the  cervical  region  the  tract  became  more  condensed  and  mostly 
limited  to  the  posterior  part  of  the  periphery  of  the  lateral  column.  It  can  be  traced 
up  to  the  corpora  restiformia,  but  not  further,  as  the  bundles  become  separated  by  the 
fibrse  arciformes. 


So  far  this  is  practically  identical  with  what  occurs  in  Man,  but, 
as  just  remarked,  there  is  also  found  in  many  cases  a  small 
tract  of  degeneration  known  as  the  "antero-lateral."  It  lies  at  the 
anterior  extremity  of  the  direct  cerebellar  tract,  and  is  sometimes 
regarded  as  a  part  of  it.  It  runs  up  to  the  medulla  oblongata,  but 
whether  it  ends  here  or  not  is  doubtful. 
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Trophic  Centres  far  the  Ascending  Fibres. 

965.  It  seems  to  be  a  conclusion  which  is  inevitable  that  those 
fibres  of  the  posterior  columns  which  degenerate  up  to  the  medulla 
oblongata  have  their  trophic  centres  in  the  posterior  nerve  ganglion. 
There  may,  however,  be  others  (commissural)  within  these  columns 
which  have  their  trophic  connections  in  the  gray  matter  of  the  cord 
itself. 

The  direct  cerebellar  tract,  in  the  dorsal  region  at  least,  is 
generally  admitted  to  be  trophically  united  with  the  cells  of  Clarke's 
posteiior  vesicular  column.  Tooth  (see  p.  732)  holds,  however,  to  many 
of  the  fibres  in  the  cervical  region  being  derived  from  the  posterior 
nerve  roots,  and  hence  we  may  suppose  their  trophic  nerve  cells  to 
reside  in  the  ganglia. 

It  is  diflScult  to  say  where  the  antero-lateral  tract  receives  its 
trophic  influence  from.  Two  things  seem  to  be  pretty  certain,  however, 
namely,  that  its  fibres  arise  lower  down  than  those  of  the  direct  cere- 
bellar tract,  and  that  they  have  not  any  connection  with  the  posterior 
nerve  roots.  The  tract  does  not  degenerate  when  the  posterior  nerve 
roots  are  divided  (Tooth). 


Destination  of  the  Ascending  Tracts. 

966.  The  direct  cerebellar  tract  runs  into  the  restiform  body 
and  is  alleged  to  terminate  in  the  cerebellum. 

Tooth  has  traced  the  antero-lateral  tract  in  the  monkey  as  far 
as  the  points  of  exit  of  the  sixth  and  seventh  cranial  nerves,  but 
nothing  is  known  definitely  of  its  further  course.  Presumably  it  ends 
in  the  nucleus  lateralis. 

The  tracts  in  the  postero- internal  and  postero- external 
columns  are  generally  said  to  terminate  in  the  funiculi  gracilis  and 
cuneatus.  It  is  questionable,  however,  whether  in  all  cases  this  is 
strictly  accurate.  There  are  instances  on  record  in  which  the  ascend- 
ing secondary  degeneration  could  be  traced  from  these  two  funiculi 
upwards  through  the  crossing  of  the  fillet  into  the  regio  subthalamica. 
There  is  good  reason  for  believing  that  this  is  possible,  for  through  the 
researches  of  Spitzka,  the  experiments  of  v.  Monakpw,  and  the  embryo- 
logical  observations  of  Flechsig  and  Edinger,  it  has  been  pretty  well 
established  that  the  fillet  is  a  crossed  process  of  the  posterior  colimins. 
Fibres  are  apparently  given  off  from  the  funiculi  gracilis  and  cuneati, 
which  arch  round  as  fibres  arcuatse  intemse,  pass  into  the  formatio 
reticularis,  cross  the  middle  line  in  front  of  the  central  canal,  and  so 
come  to  construct  the  fillet  of  the  opposite  side. 

Lastly,  seeing  that  the  path  for  impressions  which  excite  painful 
sensibility  seems  to  traverse  the  opposite  half  of  gray  matter,  it  may  be 
asked  whether  there  is  anything  to  indicate  that  an  ascending  tract  of 
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degeneration  is  found  in  it  when  the  continuity  of  the  column  of  gray 
matter  is  interrupted.  Direct  observations  on  this  subject  are  scanty, 
and  not  always  reliable.  It  may  be  mentioned,  however,  that  Eosolimo 
(No.  517,  XXL  1890,  p.  897)  has  recorded  a  case  bearing  upon  it  The 
case  was  one  in  which  a  gliomatous  tiunour  mass,  situated  entirely 
within  the  posterior  horn  of  gray  matter  and  extending  throughout 
the  upper  dorsal  and  the  entire  cervical  regions,  induced  secondary 
degeneration  in  the  opposite  interolivary  layer  and  lenmiscus  (fillet). 

Structural  Alterations  of  the  Degenerated  Tracts, 

967.  Macroscopically,  the  degenerated  tracts  at  first  show  more 
opaquely  white  than  their  surroundings,  and  when  the  cord  is  hardened 
in  a  chrome  salt  they  assiune  a  bright  yellow  colour.  In  the  course 
of  from  three  to  four  months,  however,  the  tracts  lose  their  opaque 
white  appearance  and  assume  a  gray  gelatinous  aspect 

If  the  degeneration  has  been  experimentally  or  accidentally 
evoked,  by  cross  section  of  the  cord  there  is  noticed  for  about  a 
centimetre  above  and  below  the  point  of  section  what  Schiefferdecker 
(No.  13,  Ixvii.  1876,  p.  557)  has  named  the  traumatic  degenera- 
tion.^ In  most  instances  this  appears  to  be  of  inflammatory  origin, 
and  is  characterised  by  swelling  of  the  axis-cylinders,  congestion  of 
the  vessels,  and  crowding  of  the  parts  with  a  small-cell  deposit 
Schiefferdecker  alleges  that  the  posterior  columns  escape  this  degenera- 
tion, and  Singer  (No.  12,  Ixxxiii.  H.  1,  Ab.  III.  1881,  p.  394)  agrees 
with  him. 

It  is  in  the  parts  above  and  below  the  areas  of  traumatic 
degeneration  that  the  tracts  of  true  secondary  degeneration  are  seen. 
Schiefferdecker  (No.  13,  Ixvii.  1876,  p.  570)  was  of  opinion  that  the 
fibre  degenerated  progressively  from  the  nerve  cell  outwards,  while 
Bouchard  (No.  107,  1866,  p.  272)  held  that  the  degeneration  took 
place  simultaneously  throughout  its  extent  The  latter  view  is  prob- 
ably the  correct  one.  Within  the  same  tract,  however,  some  fibres 
take  longer  to  degenerate  than  others.  In  a  young  growing  animal 
the  degeneration  apparently  spreads  quicker  than  in  one  which  has 
reached  maturity. 

There  is,  or  rather  was,  a  difference  of  opinion  as  to  what  part  of 
the  nerve  tube  the  degeneration  commenced  in.  It  is  now  admitted 
pretty  generally  that,  as  in  peripheral  nerves,  the  medullary  sheath 
and  axis-cylinder  are  affected  almost  simultaneously.  Hom6n  (No. 
40,  xcvi.  1883,  p.  1681)  indeed  states  that  in  dogs  the  degeneration 
originates  in  the  axis -cylinder,  soon  affects  the  medulla,  and  lastly 

^  It  is  important  in  studying  these  secondary  degenerations  to  apply  as  exhanstiye  a 
technique  to  their  elucidation  as  possible.  More  particularly  is  it  essential  to  examine 
unclarified  as  well  as  clarified  preparations.  The  method  of  clarification,  although 
extremely  useful  for  localising  the  position  of  the  tracts,  does  not  of  itself  afford  a 
complete  picture  of  what  has  taken  place  within  them. 
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spreads  to  the  neuroglia.  According  to  Tooth  (No.  6,  1889,  L  p. 
754),  swellings  occur  upon  the  axis-cylinder  within  the  firat  two  weeks 
something  similar  to  those  seen  in  myelitis ;  and  by  the  end  of  this 
time  the  myeline  has  broken  up.  By  the  end  of  the  fourth  week 
the  remains  of  the  axis-cylinders  have  vanished  and  the  fibres  of  the 
tract  appear  universally  degenerated. 

While  this  is  going  on  (twenty -nine  days,  Hom^n)  numerous 
compound  gramdar  carptiscles  show  themselves  in  the  degenerated 
areas,  so  numerous  that,  as  Bastian  (No.  34,  1867)  long  ago  pointed 
out,  they  form  an  excellent  guide  to  the  position  of  the  affected  tracts. 
They  are  also  met  with  in  other  brain  degenerations  such  as  the 
softening  resulting  from  embolism,  tumours,  etc.  Virchow  (No.  13, 
X.  1856,  p.  407)  held  the  view  that  the  glia  cells  were  their  chief 
source.  In  secondary  degeneration,  however,  this  cannot  be  so, 
because  the  neuroglia  does  not  perish  but,  on  the  contrary,  pro- 
liferates. A  much  more  likely  origin  is  from  the  swollen  axis- 
cylinders  and  the  remains  of  the  myeline  surrounding  them,  a 
supposition  which  is  borne  out  by  the  fact  that  the  granular  bodies 
in  question  are  found  occupjnng  the  site  of  the  axis-cylinders. 

In  about  three  weeks  after  the  severance  of  the  fibre  from  its 
trophic  cells  Vie  glia  shows  evidence  of  proliferation.  Its  cells  become 
much  more  numerous,  especially  along  the  adventitia  of  the  vessels. 
They  are  mostly  unbranched,  and  may  in  part  be  derived  from  the 
pre-existing  glia,  in  part  may  be  blood-leucocytes.  Charcot  took  the 
view  (No.  524,  p.  160)  that  the  interchange  in  the  glia  was  alike 
with  that  of  locomotor  ataxia  and  of  multiple  sclerosis.  Bouchard 
and  others  (No.  107,  1866,  p.  272)  recognise  in  the  sclerosis  of 
locomotor  ataxia  a  primary  affection  which  progressively  invades  the 
nerve  tubes  and  causes  destruction  of  them.  Their  medullary  sheath 
becomes  denuded  and  leaves  the  cylinder-axis  bare.  In  secondary 
degeneration,  on  the  other  hand,  as  already  described,  the  cylinder- 
axis  is  always  destroyed  and  never  exposed. 

True  corpora  amylacea  are  much  rarer  in  secondary  degeneration 
than  in  the  sclerosis  of  locomotor  ataxia.  If  colloid  bodies  are  found, 
they  are  as  a  rule  derivatives  of  the  axis-cylinders. 

Langley  and  Sherrington  hare  noticed  what  is  probably  an  inflammatory 
affection — what  they  call  a  chronic  myelitis  without  the  sclerosia — late  in  the 
degeneration.     Langley  proposes  to  call  it  ''tertiary  degeneration." 

Progressive  Alteration  of  Parts.  —  The  shortest  period 
observed  by  Singer  (No.  12,  Ixxxiii.  H.  1,  Ab.  III.  1881,  p.  402)  in 
which  a  tract  degenerated  completely  in  the  adult  dog  was  twelve 
days.  By  this  time  the  degeneration  had  reached  the  medulla 
oblongata.  He  states,  however,  that  the  degeneration  is  most  evident 
by  the  fifth  week.  In  the  young  dog,  on  the  other  hand,  he  has 
found  the  ascending  tracts  completely  degenerated  by  the  end  of  one 
week,  and  well-marked  signs  of  shrinking  had  shown  themselves  by 
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the  fourth  to  the  fifth  week.  Hom^n  (No.  534)  states  that  on 
microscopic  examination  he  was  able  to  detect  commencing  degenera- 
tion in  the  posterior  columns  of  the  cord  three  days  after  hemisection. 
The  degeneration  begins  in  some  tracts  earlier  than  in  others. 
Thus  in  Roman's  hemisection  experiments,  although  the  degeneration 
could  be  detected  microscopically  in  the  posterior  columns  after  five 
days,  it  could  not  be  recognised  distinctly  in  the  lateral  columns ; 
while  it  took  seven  days  to  show  itself  in  the  direct  cerebellar  tract. 
Volkmann  (No.  140,  xlii.  1888,  p.  450)  reports  that,  after  compression 
of  the  cord  for  three  weeks  by  a  gliomatous  tumour,  the  degeneration 
was  far  more  distinct  in  GoWs  tract  than  in  any  other.  Hom^n  (No. 
13,  Ixxxviii.  1882,  p.  61)  found  degeneration  of  the  human  cord 
evident  three  weeks  after  a  brain  lesion. 

Sherrington  (No.  179,  vi.  p.  178)  found  that  after  destruction  of  portions  of  what 
he  calls  the  "cord  area"  of  the  cerebrum  of  dogs,  or  that  part  of  the  cortex  whose 
removal  is  attended  by  descending  degeneration  in  the  spinal  cord,  the  appearances 
were  as  follows  : — 

At  the  end  of  the  first  sixty  hours  nothing  of  particular  note  is  observable,  but 
by  the  ninth  day  some  of  the  axis-cylinders  in  the  crossed  pyramidal  tract  of  the 
cord  stain  less  deeply  with  carmine,  and  are  rather  coarsely  granular  instead  of 
being  homogeneous  as  in  health. 

By  the  third  week  the  parts  are  in  much  the  same  state,  only  the  altered  nerve 
fibres  are  more  numerous.  The  connective  tissue  framework  in  which  the  fibres  are 
set  seems  also  to  be  somewhat  disarranged. 

After  nearly  two  TnorUhs  the  disarrangement  of  the  connective  tissue  is  very 
apparent.  Some  nerve  fibres  have  disappeared,  and  the  cells  in  the  neuroglia  are 
numerous. 

Secondary  Degenerations  following  Division  of  thk 
Posterior  Nerve  Roots. 

Coarse  of  the  Fibres  of  the.  Posterior  Nerve  Root, 

968.  The  course  and  connections  of  the  fibres  composing  the 
posterior  nerve  root  are  matters  diflScult  to  determine.  Of  late, 
however,  by  means  of  improved  methods  of  staining  nerve  fibres,  a 
more  precise  notion  of  where  they  go  to  on  entering  the  spinal 
medulla  has  been  obtained.  It  is  now  generally  admitted  that 
Lissauer's  assertion  (No.  517,  xvii.  1886,  p.  377)  as  to  there  being 
two  kinds  of  fibres,  large  and  small,  is  correct.  The  small  lie  to  the 
outer  side  and  become  medullated  later  than  the  large.  For  whereas 
the  large  begin  to  show  medullation  in  human  embryos  from  28  to  32 
ctm.  long,  the  commencement  of  the  medullation  of  the  small  is  delayed 
until  the  foetus  is  45  ctm.  in  length  (Lenhoss^k,  No.  14,  xxxiv.  1889, 
p.  164). 

Lenhossek  divides  the  entire  root  into  three  categories  of  fibres,  a  mesial,  middle, 
and  lateraL     The  last  of  these  contains  the  above  fine  fibres  referred  to  by  Lissauer. 
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Its  elements  arrange  themselves  first  in  a  longitudinal  bundle,  which  occupies  a 
position  between  the  gelatinous  substance  of  Rolando  and  the  periphery,  and  after  a 
time  penetrates  into  the  posterior  horn  of  gray  matter.  The  fibres  of  the  middle 
group  penetrate  through  the  gelatinous  substance  of  Rolando,  and  entering  the  gray 
matter  of  the  posterior  horn,  assume  a  vertical  direction.  Those  of  the  mesial  group 
split  into  two  minor  bundles,  one  of  them  entering  Burdach's  column,  the  other 
passing  through  the  gelatinous  substance  and  making  its  way  into  the  gray  posterior 
horn,  and  thence  in  a  horizontal  direction  pctssing  forwards  to  the  anterior  horn. 
The  connection  of  the  posterior  root  with  the  anterior  horn  he  holds  to  be  a  fact 
thoroughly  established,  a  connection,  it  will  be  borne  in  mind,  which  was  first 
described  by  Lockhart  Clarke. 

Further  Course  in  the  Cord. — Of  the  three  groups  of  fibres  the  mesial  is  always 
the  largest,  and  constitutes  the  main  part  of  the  posterior  root.  In  Man  the  middle 
group  is  usually  small.  He  holds  that  the  entire  column  of  Burdach  is  composed  of 
fibres  derived  from  the  posterior  roots,  and  he  subdivides  it  int<f  three  zones,  a  large 
middle,  an  anterior,  and  a  posterior.  The  middle  corresponds  to  what  is  usually 
designated  the  "  posterior  root  zone,"  the  others  lie  anterior  and  posterior  to  this. 
Into  the  middle,  those  fibres  of  the  posterior  root  ultimately  divulge,  which 
immediately  on  entering  the  cord  penetrat!6  the  posterior  horn  of  gray  matter— that 
is  to  say,  the  middle  group.  In  the  anterior  and  posterior  zones  stretch  fibres 
which  run  through  a  considerable  distance  in  a  longitudinal  direction. 

In  the  lumbar  region  the  bulk  of  the  fibres  of  the  mesial  group  of  nerve  roots 
penetrates  the  gray  horn  and  passes  forwards  to  become  connected  with  the  cells  in 
the  anterior  horn,  while  in  the  dorsal  part  of  the  cord,  in  the  portion  corresponding 
with  Clarke's  vesicular  columns,  the  connection  with  the  anterior  horn  becomes 
less  evident,  and  they  almost  all  terminate  in  the  cells  of  the  above  columns. 

There  is  this,  however,  to  be  borne  in  mind,  that  a  direct  connection  of  these 
fibres  with  the  cells  of  Clarke's  cohunns  is  never  met  with,  but  that,  so  far  as  can 
be  made  out,  the  fibres  simply  enter  the  plexus  surrounding  the  group  of  cells. 

It  is  often  said  that  the  posterior  root  takes  part  in  the  formation  of  the 
anterior  commissure.  Lenhossdk  has  never  been  able  to  persuade  himself  of  this. 
The  appearances  are  deceptive,  but  careful  investigation  proves,  he  says,  that  the 
anterior  commissure  has  no  such  connection  with  the  posterior  nerve  root 

In  opposition  to  the  views  of  Bechterew  and  Obersteiner,  however,  he  recognises 
that  the  posterior  commissure  receives  a  contingent  of  the  fibres  of  the  posterior 
nerve  root,  and  chiefly  from  the  middle  group  of  its  fibres. 

The  middle  group  of  fibres  becomes  medullated  in  the  human  fcetus  of  86 
ctm.,  and  it  is  at  this  point  in  development  that  their  course  can  alone  be  studied. 
The  cord  of  the  adult  or  even  of  the  full-time  foetus  is  unsuited  for  the  purpose. 
After  entering  the  gelatinous  substance  of  Rolando  they  pursue  a  longitudinal 
course  and  constitute  what  is  known  as  ^'Eolliker's  longitudinal  bundle  of  the 
posterior  horn. "  The  fibres  within  this  bundle  run  upwards  and  do>^Ti wards,  and 
from  them  branches  are  emitted  which  run  into  the  posterior  horn  of  gray  matter. 
Some  pass  forward  to  the  anterior  horn  and  lose  themselves  here,  it  may  be, 
although  this  is  doubtful,  by  joining  the  nerve  cells  in  this  neighbourhood.  A 
large  proportion  of  these  branches,  however,  pass  into  the  posterior  commissure,  and 
thereby  gain  the  opposite  side  of  the  cord.  What  their  exact  destiny  is  seems 
doubtfuL  The  posterior  commissure,  he  holds,  is  not  entirely  made  up  of  these, 
but  contains  also  some  fibres  which  are  commissural  betu'een  the  two  posterior 
horns. 

The  termination  of  the  third  or  lateral  group,  the  fibres  of  fine  calibre,  is  not 
well  defined. 
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Lissauer's  Border  Zone. — Between  the  extreme  margin  of  the 
gelatinous  substance  of  the  posterior  horn  and  the  periphery  of  the 
cord  there  lies  a  tract  of  nerve  fibres  more  especially  described  by 
Lissauer  (No.  517,  xvii.  1886,  p.  380),  and  named  by  him  the  "border 
zone  "  of  the  posterior  horn.  The  bulk  of  its  fibres  run  longitudinally, 
and  it  is  easily  recognised  from  the  fineness  of  the  fibres  composing  it. 
It  is  split  into  a  mesial  and  a  lateral  segment  by  the  entrance  of 
the  posterior  nerve  root,  whose  fibres  pass  in  at  right  angles  to  the 
columns  of  fibres  of  which  the  "border  zone"  is  composed.  The 
importance  of  this  area  of  white  matter  is  that,  according  to  Lissauer, 
its  nerve  fibres  are  derived  from  the  posterior  nerve  root.  After 
leaving  the  root  they  ascend  in  this  tract  and  enter  the  so-called 
"  spongy  zone  "  of  the  substantia  gelatinosa  Rolando. 

The  Tracts  of  Degeneration. 

969.  Singer  (No.  12,  Ixxxiii.  H.  1,  Ab.  III.  1881,  p.  403)  and 
Tooth  (No.  6,  1889,  i.  p.  829)  have  made  a  study  of  these  in  dogs 
and  monkeys.  The  spinal  canal  was  opened  for  varying  distances 
and  the  posterior  roots  corresponding  to  the  situation  were  cut  across 
on  the  proximal  side  of  the  ganglion.  The  wound  was  stitched  up 
and  allowed  to  heal. 

Singer's  experiments  were  made  on  young  dogs,  and  the  time  at  which  the 
animals  were  killed  and  the  parts  examined  varied  from  the  end  of  the  third  to  the 
middle  of  the  fourth  week. 

Four  weeks  after  excising  the  posterior  roots  of  the  first  and  second  sacral  nerves, 
together  with  those  of  the  sixth  and  seventh  lumbar  nerves  on  the  left  side,  in  a 
young  dog,  he  found  that  near  the  point  of  excision  the  secondary  degeneration  was 
limited  in  the  sharpest  manner  to  the  left  posterior  column.  Up  to  the  entrance 
of  the  sixth  lumbar  nerve  every  section  showed  total  degeneration  of  this  column, 
but  at  the  level  of  entrance  of  the  fifth  lumbar  nerve  the  degeneration  began  to 
retreat  a  little  from  the  jMirt  of  the  column  adjacent  to  the  posterior  horn  of  gray 
substance,  an  appearance  which  became  more  evident  at  the  point  of  entrance  of 
the  fourth.  When  the  twelfth  dorsal  nerve  was  reached  the  degeneration  had 
left  Burdach's  column  entirely  and  was  limited  almost  completely  to  that  of  Goll. 
Such  continued  to  be  very  much  the  disposition  of  parts  throughout  the  remaining 
dorsal  and  entire  cervical  regions.  He  could  trace  the  degenerated  tract  finally  up 
to  the  nucleus  of  the  funiculus  gracilis,  a  result  which  he  has  confirmed  in  three 
other  cases. 

Through  these  observations  he  holds  to  having  established  a  direct  connection 
between  the  posterior  nerve  roots  and  the  medulla  oblongata. 

Tooth  has  shown,  however,  that,  when  the  divided  neiTe  roots  are  high  up  in  the 
cord  (sixth,  seventh,  eighth  cervical  and  first  dorsal),  in  addition  to  the  degenera- 
tion of  the  posterior  columns,  a  strand  of  degeneration  appears  in  the  direct 
cerebellar  tract.  It  lies  close  upon  the  posterior  horn  of  gray  matter.  Below  this 
level  the  direct  cerebellar  tract  apparently  is  unaffected,  and  hence  he  argues  that 
the  direct  cerebellar  tract  is  composed  of  at  least  two  sets  of  fibres.  The  fibres  in 
the  lower  of  these  are  very  fine,  while  those  in  the  upper  are  coarse.  His  observations 
would  lead  him  to  conclude  that,  while  the  latter  are  in  all  probability  derived 
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from  Clarke's  columns,  the  former  are  direct  prolongations  of  the  posterior  nerve 
roots.     He  also  holds  that  these  fine  fibres  are  visceral  in  their  distribution. 

The  explanation  of  why  it  is  that  the  tracts  of  degeneration  retreat  from  the 
postero-extemal  into  the  postero-internal  column  is  to  be  found  in  the  fact  that  the 
fibres  entering  the  former  occupy  at  first  a  position  close  by  the  gray  matter,  but, 
in  ascending,  they  are  supplanted  and  pushed  mesially  by  similar  fibres  from  the 
superjacent  nerve  roots.  In  their  course  upwards  they  are  still  further  displaced 
and  finally  enter  the  postero-internal  (GoU's)  column.  The  Goll's  column,  as  Singer 
has  pointed  out,  is  apparently  made  up  of  the  posterior  nerve  roots  from  the  sacral, 
lumbar,  and,  it  may  be,  the  lower  dorsal  regions.  The  fibres  of  the  posterior  roots 
of  the  upper  part  of  the  cord  seem  to  run  into  Burdach's  columns  alone.  The  GoU's 
tract  thus  contains  the  fibres  from  the  lower  part  of  the  body,  Burdach's  those 
from  the  dipper  part,  and  the  position  occupied  by  the  different  layers  of  fibres  as 
they  enter  these  columns  in  general  terms  is  that  those  which  come  from  the  lowest 
regions  are  neai'est  the  middle  line,  while  those  coming  from  regions  higher  up  are 
arranged  successively  in  layers  in  a  direction  outwards. 

When  the  cord  has  been  divided  low  down  the  degenerated  area  in  GoU's  tract 
within  the  cervical  region  is  very  smaU,  and  not  only  lies  close  against  the  posterior 
fissure  but  is  confined  to  a  triangular  area  near  the  circumference.  This  segment  of 
the  GoU's  tract  in  all  likeUhood  is  lumbar,  and  a  large  proportion  of  its  fibres  are 
prolonged  directly  upwards  to  the  meduUa  oblongata. 

This  and  other  centripetal  tracts,  however,  do  not  seem  to  be  constituted  exclu- 
sively of  fibres  which  ascend  to  the  meduUa  oblongata.  Many  of  them  appear  to 
be  commissural  for  different  segments  of  the  cord. 

Literature  on  Secondary  Degenerations, — Arloing^  (Trophic  Centres) :  Compt. 
rend.  Soc  de  Biol.,  iii  1886,  p.  653.  Bastian :  Med.  Chir.  Trans.,  1867. 
Bechterew  (Sec.  Degen.  of  Cerebral  Peduncle) :  Arch.  f.  Psychiat.,  xix.  1887,  p.  1. 
Bouchard:  Arch.  g^n.  de  M6d.,  vii.  1866,  pp.  272,  441,  561  ;  viii.  1866,  p.  278. 
Brink  (S.  D.  and  Cerebral  Functions) :  Deut  Arch.  f.  klin.  Med.,  xxxviii.  1885-86, 
p.  285.  Brissaud  (of  Cerebral  Peduncle):  Progres  med.,  vii.  1879,  pp.  777,  790. 
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Cossy  and  Dejerine :  Arch,  de  physiol.  norm,  et  path.,  ii.  1875,  p.  567.  France 
(Sec.  Degenerations  following  Lesions  of  Gyr.  Marginalis  and  Gyr.  Fomicatus  in 
Monkeys) :  Phil.  Trans.,  clxxx.  1890,  B,  p.  331.  Fran9ois-Franck  and  Pitres  (Sec. 
Deg.  Consecutive  to  Destruction  of  Sigmoid  Gyrus  in  Dog) :  Compt.  rend.  soc.  de 
bioL,  ii.  1881,  p.  67.  Friedmann  (Degeneration  Processes  in  Hemispherical 
MeduUa):  Neurol.  Centralbl,  vi.  1887,  p.  97.  Hadden  and  Sherrin^on 
(Bilateral  S.  D.  of  Cord  from  UnUateral  Lesion  of  Cortex) :  Brain,  viii.  1886,  p.  602. 
Hom^ :  Arch.  f.  path.  Anat.,  Ixxxviii.  1882,  p.  61 ;  cUsOy  Comptes  rendus,  xcvi. 
1888,  p.  1681  ;  also,  Fortschr.  d.  Med.,  iii.  1885,  p.  267.  Hubl(6  (Cortical  Motor 
Centres  and  Sec.  Deg.):  Arch,  de  Neurol.,  xi.  1886,  p.  29.  Jelrersma  (BUateral 
Sec.  Deg.  of  Outer  Bundle  of  Pes  Pedunculi,  with  Atrophy  of  Dorsal  Half  of  Pons  and 
of  Large  Olive):  Centralbl.  f.  Nervenheilk. ,  ix.  1886,  p.  489.  Jones  (Wallerian 
Method,  Historical) :  Lancet,  1885,  ii.  p.  944.  Langley  (Review) :  Brain,  ix. 
1886-87,  p.  92.  L5wenthal  (Difference  in  S.  D.  after  Brain  and  Cord  Lesion) : 
Arch.  f.  d.  ges.  Physiol.,  xxxi.  1883,  p.  350  ;  also,  Des  degenerations  secondaircs, 
etc.,  1885.  Meyer  (in  Isthmus) :  Gaz.  med.  de  Strasb.,  xiv.  1885,  p.  109.  v. 
Monakow  (Cerebral  Sec  Deg.):  Cor.-Bl.  f.  schweiz.  Aerzte,  xvi.  1886,  p.  890. 
Mott  (Ascending  Degenerations  in  Spinal  Cord  of  Monkeys) :  Brain,  xv.  1892,  p. 
215.  Pitrea:  BuU.  Soc  Anat.  de  Par.,  Ivi.  1881,  p.  628  ;  also,  Arch,  de  physiol. 
norm,  et  path.,  iii.  1884,  p.  142  ;  also,  Enc^phale,  v.  1885,  p.  79.  Schiefferdecker : 
Arch.  f.  path.  Anat,  Ixvii.  1876,  p.  542.  Sherrington:  Jom-n.  Physiol.,  vi. 
1886-86,  p.  177  ;  also  (Bilateral  Degen.  of  Pyr.  Tracts  from  Unilateral  Cortical 
Lesion),  Brit.  Med.  Joum.,  1890,  i.  p.  14  ;  also  (from  Cortical  Lesions),  Joum.  of 
Physiology,  x.  1889,  p.  429;  also,  xi.  1890,  p.  399.  Singer:  Sitzungsb.  d.  k.  k. 
Akad.,  Wien,  Ixxxiii.  H.  I.  Ab.  III.  1881,  p.  390.      Sokolow  (Degen.  of  N.  Ter- 
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minations):  Arch,  de  physiol.  norm,  et  path.,  i.  1874,  p.  800.  Spitzka  (Sec. 
Deg.  Pyr.  Tract) :  N.  Y.  Med.  Journ.,  xliii.  1886,  p.  501.  Tooth  (Gulstonian 
Lectures) :  Brit.  Med.  Joum.,  1889,  i.  p.  753  et  seq.  Tiirck :  Sitzungsb.  d.  k.  k. 
Akad.,  Wien,  vi.  1851,  p.  288  ;  Ibid,,  xi.  1853,  p.  93  ;  Ibid.,  xiv.  1855,  p.  329. 
Volkmann  (Gliomata  and  Sec.  Deg.):  Deut.  Arch.  f.  klin.  Med.,  xlii.  1887-88,  p. 
433.  Waller  (New  Method  for  Study  of  Nerv.  Syst):  Lond.  Joum.  Med.,  iv. 
1852,  p.  609.  Walter :  Arch.  f.  path.  Anat.,  xx.  1861,  p.  426.  Ziehen  (Sec  Degen. 
after  Extirpation  of  Cortical  Motor  Centres) :  Arch.  f.  Psychiat.,  xviii.  1887,  p.  300. 

The  Involution  following  Removal  of  Peripheral  Parts. 

970.  It  has  already  (p.  714)  been  noted  that  when  a  spinal  nerve 
is  divided  it  is  the  peripheral  segment  which  suffers  ordinary  secondary 
degeneration.  The  proximal  end  remains  for  the  time  being  intact. 
In  course  of  years,  however,  if  the  continuity  of  the  nerve  is  not 
established,  a  shrinking  occurs  in  the  proximal  part.  The  gray  matter 
with  which  the  divided  fibres  were  connected  also  undergoes  a  degenera- 
tive change  or  process  of  involution,  presumably  connected  with  the 
disuse  of  the  nerve  cells  and  portions  of  the  nerve  fibre  still  remaining. 

After  Amputation. — Some  of  the  best  examples  of  this  condition 
are  to  be  found  after  amputation  of  a  limb.  As  a  general  statement 
it  may  be  said  that  years  after  an  amputation  has  been  performed  the 
nerve  trunks  in  connection  with  the  stump  undergo  some  amount  of 
shrinking.  Both  nerve  roots,  but  especially  the  posterior,  lose  certain 
of  their  fibres.  The  part  of  the  posterior  column  corresponding  with 
the  site  of  amputation  is  diminished  in  bulk,  and  the  nerve  cells  both 
in  the  anterior  and  posterior  horns  of  gray  matter  are  partially 
destroyed.  The  posterior  horn  of  gray  matter  also  presents  a  some- 
what shrunken  aspect. 

After  Evulsion  of  Nerves. — In  the  same  category  are  to  be 
reckoned  those  involutions  of  central  parts  of  the  brain  following  upon 
evulsion  of  the  cranial  nerves  and  excision  of  certain  parts  of  the 
cortex.  As  v.  Gudden  (No.  518,  xxv.  1879,  H.  1,  p.  1)  has  shown, 
when  particular  nerves  such  as  the  sciatic  or  facial  are  torn  out  close 
up  to  their  points  of  issue  from  the  respective  cavities  which  emit  them, 
not  only  do  any  peripheral  remains  of  the  nerve  degenerate,  but  the 
portion  of  the  nerve  path  still  within  the  cord  or  brain,  together  with 
the  ganglion  cells  forming  the  nuclei  of  origin,  also  disappears.  It  is 
questionable  whether  in  any  of  these  cases  the  process  of  destruction 
of  the  fibre  is  identical  with  secondary  or  Wallerian  degeneration. 

After  Removal  of  the  Eyeball. — Even  when  peripheral  organs 
such  as  the  eyeball  are  excised,  the  central  parts  with  which  they  are 
connected  suffer  involution.  Thus  v.  Monakow  (No.  517,  xiL  1882, 
p.  Ul  ;  Ibid,,  xiv.  1883,  p.  699)  found  that  after  removal  of  the 
eyeball  in  young  animals  the  corpus  geniculatiun  externum  suffers 
atrophy.  It  would  thus  seem,  as  Forel  suggests  (No.  517,  xviii.  1887, 
p.  170),  that  the  ganglion  cells  of  the  retina  emit  processes  which 
terminate  in  this  ganglion.  A  similar  relationship  seems  to  exist 
between  the  retina  and  the  occipital  lobe. 
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The  Intracephalic  Involutions  following  Removal  of 
Particular  Areas  of  the  Brain. 

971.  A  condition  allied  to  the  above-mentioned  involution  of  ganglia 
from  excision  of  peripheral  organs  such  as  the  eyeball  is  seen  when  par- 
ticular parts  of  the  cerebral  cortex  are  destroyed.  One  of  the  best 
examples  of  this  is  the  involution  of  central  parts  which  follows  ex- 
tirpation of  the  occipital  lobes,  v.  Monakow  (No.  517,  xii.  1882,  p. 
141)  describes  how  when  a  portion  of  the  left  occipital  cortex  in  the 
rabbit  is  removed  there  is  found,  eleven  months  afterwards,  extensive 
destruction  of  the  medullary  substance  underlying  the  part,  and  of  the 
posterior  limb  of  the  inner  capsule  on  the  same  side,  together  with 
involution  and  destruction  of  the  cells  of  the  left  external  geniculate 
body  and  of  the  segment  of  the  optic  connected  with  it,  of  the  outer 
stratum  of  the  thalamus  opticus,  and  of  the  anterior  corpus  quadri- 
geminum,  all  on  the  same  side  as  that  operated  on. 

There  is  some  doubt  as  to  whether  a  distinct  line  of  secondary 
degeneration  in  Man  can  be  made  out  within  the  parieto-ocdpital  band 
(No.  521,  vii.  1885,  p.  89),  when  the  occipital  lobe  is  removed.  In  a 
case  recorded  by  the  author  where  one  occipital  lobe  was  entirely  cut 
out  by  a  tumour,  some  amount  of  degeneration  could  be  traced  for- 
wards for  a  short  distance.  It  seemed  to  be  inflammatory  rather  than 
atrophic  in  its  causation. 

In  several  cases,  however,  where  one  or  both  occipital  lobes  had 
been  destroyed  the  optic  tracts  have  been  described  as  smaller  than 
usual. 

It  should  also  be  borne  in  mind  that  there  are  certain  cases 
on  record  showing  that  the  occipital  fibres  in  the  parieto-occipital 
band  suffer  from  secondary  degeneration.  Thus  v.  Monakow  (No.  517, 
xvi.  1885,  p.  317)  describes  a  case  where  an  old  hasmorrhagic  cyst  was 
located  in  the  midst  of  the  parieto-occipital  band  towards  its  posterior 
extremity,  and  where  a  tract  of  degeneration  could  be  traced  forwards 
from  the  injured  spot  into  the  pulvinar,  the  corpus  geniculatum  exter- 
num, and  the  anterior  corpus  quadrigeminum.  Zacher  (No.  517,  xxii. 
1891,  p.  654)  and  others  have  recorded  involution  of  the  corpus  geni- 
culatum externum,  pulvinar,  and  anterior  corpora  quadrigemina  in  Man 
following  destructive  lesions  of  the  occipital  region,  and  more  particu- 
larly of  the  cuneus.  He  alleges,  moreover,  that  similar  lesions  of  the 
temporo-sphenoidal  lobe  in  Man  cause  degeneration  of  the  corpus  geni- 
culatum internum,  the  inferior  arm  of  the  corpora  quadrigemina,  and 
the  posterior  corpora  quadrigemina  themselves. 

It  has  likewise  been  asserted  by  Laufer  and  Forel  (see  Forel,  No. 
517,  xviii.  1887,  p.  183)  that  in  one  instance  they  found  diminution 
in  size  of  the  red  imcleus  on  one  side  follow  division  of  the  ascending 
cerebellar  peduncle  on  the  opposite. 

It  would  seem,  moreover,  that  a  sympathetic  relationship  exists 
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between  cerebrum  and  cerebellum^  in  so  far  at  least  as  destruction  of  the 
one  may  be  accompanied  by  involution  of  the  other.  Howden  (No.  5, 
ix.  1875,  p.  288)  has  met  with  a  case  where,  accompanying  a  shrinking 
of  the  right  cerebral  hemisphere  followed  by  left  hemiplegia  with 
contractures,  there  was  an  involution  of  the  left  cerebellar  lobe.  A 
similar  case  is  recorded  by  Cramer  (No.  492,  xi.  1891,  p.  39). 

Literature  on  Degeneratiojis  following  Destruction  or  Enucleation  of  the  Eyeball. — 
Deutschmann  (Lesions  resulting  from  Destruction  of  Eyeball) :  Arch.  f.  OphthaL, 
xxix.  Ab.  1,  1883,  p.  323.  Fiirstner  :  Arch.  f.  Psych.,  xii.  1882,  p.  611.  Ganser  : 
Arch.  f.  Psychiat.,  xiii.  1882,  p.  341.  Gowers :  Centralbl.  f.  d.  med.  Wissensch., 
1878,  p.  662.  V.  Guddcn :  Arch.  f.  Ophthal.,  xx.  1874,  Ab.  2,  p.  249  ;  Ibid.,  xxv. 
1  Ab.,  1879,  p.  1.  Heboid :  Arch.  f.  Ophthal.,  xxxviii  1892,  p.  221.  Marchand 
(Lesions  resulting  from  Destruction  of  Eyeball):  Arch.  f.  Ophthal.,  xxviiL  Ab.  2, 
1882,  p.  63.  Michel:  Arch.  f.  Ophthal.,  xxu.  1876,  p.  245.  v.  Monakow: 
Arch.  f.  Psychiat,  xiv.  1883,  p.  699 ;  also,  Ibid.,  xvL  1885,  p.  151  et  seq. 
Purtscher:  Arch.  f.  Ophthal.,  xxvi  1880,  Ab.  2,  p.  191. 

Literaiure  on  Degenerations  folUyiving  Amputation  of  Limbs.  —  Dejerine  and 
Mayor :  Bull,  de  la  Soc.  de  biol.,  1878.  Dickinson :  Joum.  of  Anat  and  Physiol, 
iii.  1868,  p.  88.  Dreschfeld:  Joum.  Anat.  and  Physiol.,  xiv.  1879,  p.  424  (with 
other  references).  Edinger :  Arch.  f.  path.  Anat,  Ixxxix.  1882,  p.  46  (with  other 
references).  Hayem  and  Gilbert  (Spinal  Ck)i*d  after  Amputation) :  Arch,  de 
physiol.  norm,  et  path.,  iii.  1884,  p.  430.  Reynolds  (Changes  in  Nerv.  Syst  after 
Amputation  of  Limbs) :  Brain,  ix.  1886-87,  p.  494.  Sass :  Arch.  f.  path.  Anat, 
cxvi.  1889,  p.  243.     Vulpian :  Arch,  de  physiol.,  1868  and  1869. 


CHAPTER  LXXXV 
THE  NERVOUS  SYSTEU^Continued) 

Encephalic  Tumours. 

972.  Among  the  commonest  are  Sarcomata,  Gliomata,  Secondary 
Cancers,  Gummata,  Tubercles,  Cysticerci,  Echinococcus  Cysts,  etc. 

The  sarcomata  are  of  the  ordinary  types  and  are  often  found 
growing  from  the  membranes  and  pressing  secondarily  into  the  tissue 
of  the  brain  or  spinal  cord.  In  the  cord  they  are  sometimes  multiple 
and  involve  the  roots  of  the  spinal  nerves.  At  other  times  they  grow 
within  the  brain  substance,  causing  widespread  destruction  of  the  parts 
around. 

Primary  cancers  are  rare.  H  such  tumours  do  occur,  the 
pituitary  body,  the  pineal  gland,  or  the  lining  epitheliiun  of  the  ven- 
tricle might  be  looked  upon  as  their  starting-point 

Secondary  cancers  occur  in  all  situations,  but  most  frequently 
within  the  area  of  distribution  of  the  middle  cerebral  artery.  It  is  to 
be  remembered  that  when  implanted  in  the  brain  substance  they  are 
sharply  circumscribed  and  easily  enucleated  tumours. 

Some  of  the  most  typical  gliomata  have  ill-defined  borders  (see  Fig. 
465),  the  swelling,  deformity,  and  slight  change  of  colour  induced  by  them 
being  probably  the  chief  means  whereby  their  locality  can  be  recognised. 
They  are  found  both  in  the  brain  and  in  the  spinal  cord.  According 
to  R  Volkmann  (No.  140,  xlii.  1888,  p.  433)  the  nerve  cells  and 
fibres  become  involved  in  the  tumour  and  suffer  degeneration.  The 
axis-cylinder  suffers  first.  It  swells  and  breaks  across,  giving  rise  to 
the  usual  diaphanous  colloid  bodies.  The  nerve  cells  suffer  atrophy, 
and  large  numbers  of  corpora  amylacea  are  found  in  the  neighbour- 
hood. 

Schultze  (No.  13,  cii.  1885,  p.  435)  was  apparently  the  first  to 
describe  an  instance  of  what  is  now  known  as  central  gliosis  of  the 
spinal  cord.  The  cord  was  taken  from  a  man  twenty-four  years  old. 
In  its  upper  part  the  gray  substance  was  irregular  in  outline.  Around 
the  central  canal  there  was  a  tissue  which  resembled  the  glia,  in  some 
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parts  congested,  in  others  presenting  clefts  or  haemorrhages.  In  the 
lower  dorsal  region  the  medulla  spinalis  was  again  normal.  It  was 
accompanied  by  spinal  meningitis,  but  there  were  no  indications,  such 
as  swollen  axis-cylinders  or  infiltration  of  the  circumferential  parts,  of 
myelitis. 

Of  late,  many  instances  of  the  disease  have  been  recorded  (see 
Miura,  No.  492,  xi.  1891,  p.  91).  The  gliomatous  mass  may  stretch 
throughout  the  greater  part  of  the  length  of  the  cord.  It  is  often 
accompanied  by  Sjrringomyelia. 

A  peculiar  sclerotic  tumour-like  disease  of  the  brain  is  some- 
times met  with  which  in  some  respects  resembles  the  lesion  of  multiple 
sclerosis.  Tumour  masses  of  almost  cartilaginous  hardness  are  found 
scattered  through  the  cortex  of  the  hemispheres.  In  their  tumour-like 
isolation  they  differ  from  the  mucoid-looking  patches  of  multiple 
sclerosis,  as  well  as  in  the  fact  that  they  are  mostly  confined  to  the 
cortex  and  do  not  tend  to  surround  the  lateral  ventricles.  The 
medulla  oblongata  in  some  of  these  cases  has  quite  a  cartilaginous  hard- 
ness, but  the  spinal  cord  as  a  rule  is  not  implicated.  The  disease  has 
been  described  by  Hartdegen,  Pollak,  Bruckner,  Pozzi,  Greiff,  and 
Fiirstner  and  Stiihlinger,  and  the  author  has  met  with  several  instances 
of  it.  Most  cases  have  occurred  in  the  insane;  it  is  sometimes 
associated  with  confirmed  epilepsy. 

The  tumours  as  a  rule  are  from  a  pea  to  a  hazel-nut  in  size  and 
may  project  as  warty  excrescences  from  the  surface.  The  pia  is 
occasionally  adherent  to  their  surface.  Small  cystic  cavities  have  been 
found  by  Fiirstner  and  Stiihlinger  associated  with  them  (No.  517,  xvii. 
1886,  p.  1).  Microscopically  examined,  they  seem  to  be  caused  by  an 
unusual  density  of  the  glia. 

Cylindromatous  endotheliomata  are  found  in  various  parts  of 
the  brain  or  projecting  into  the  brain  from  the  membranes.  Their 
several  characters  have  already  been  referred  to  under  the  neoplasms. 
The  author  lately  met  with  a  curious  tumour  of  this  kind  in  a  man 
who  for  long  had  been  an  epileptic.  In  size  it  approached  that  of  a 
large  walnut,  and  it  occupied  the  head  of  the  caudate  nucleus.  It  was 
sharply  circumscribed  and,  when  cut  into,  had  a  somewhat  rough 
granular  surface,  a  grayish  colour,  and  a  compact  consistence.  Examined 
microscopically,  the  tiunour  was  seen  to  be  composed  simply  of  dense 
agglomerations  around  blood-vessels  of  cell  nests  in  a  state  of  calci- 
fication. It  might  be  classified  accordingly  as  a  psammoma. 
Psammomata  also  grow  from  the  choroid  plexus,  and  either  hang 
pendulous  in  the  ventricle  or  lie  deeply  embedded  in  the  brain  sub- 
stance 

Cholesteatomata  have  occasionally  been  described.  Price  (Na 
192,  xxxviii.  1887,  p.  24)  records  such  a  growth  of  large  size  at  the 
base  of  the  brain.  It  was  extremely  brittle  and  contained  numerous 
cholesterine  crystals.  They  are  not  very  uncommon  in  this  situation, 
and  appear  in  most  cases  to  be  tumours  which  have  luidergone  de- 
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generation  of  which  cholesterine  is  a  product.  A  good  many  of  them 
seem  to  be  dead  and  shrivelled  hydatid  cysts. 

A  tumour  is  found  in  the  horse  growing  from  the  choroid  plexus 
into  the  ventricle  having  a  reticular  fibrous  structure.  The  large 
spaces  of  the  reticulum  are  filled  with  cholesterine  crystals. 

Taubner  (No.  13,  ex.  1887,  p.  95)  gives  a  description  of  a 
lipoma  which  grew  from  the  right  corpora  quadrigemina  and  pro- 
cessus cerebelli  ad  corpora  quadrigemina.  It  was  the  size  of  a  hazel- 
nut and  was  entirely  composed  of  ordinary  fat 

Tumours  of  the  adenomatous  type  are  rare  in  the  brain.  They 
usually  occur  either  in  connection  with  the  pineal  gland  or  pituitary 
body.  Coats  (No.  192,  xxxviii.  1887,  p.  44)  describes  an  adenoid 
sarcoma  of  the  pineal  gland  containing  small  pieces  of  cartilage  very 
like,  he  says,  the  cydtic  sarcoma  of  the  mamma.  The  tumours  of 
the  pituitary  body  are  mostly  cystic,  the  cysts  being  possessed  of 
gelatinous  colloid  contents.  Virchow  called  the  condition  "struma 
pituitaria."     Rarely  they  bear  a  more  strictly  adenomatous  type.^ 

Circumscribed  tumours  composed  of  g^y  matter  of  the  bnun  containing 
pyramidal  nerve  cells  are  said  by  Otto  (No.  13,  ex.  1887,  p.  81)  to  be  met  with  in 
the  white  substance  of  the  cerebrum.  They  are  placed  sometimes  opposite  the 
highest  points  of  the  convolutions,  at  other  times  are  located  at  the  depths  of  the 
fibres  and  sulci.  A  similar  statement  has  been  made  by  Simon.  Every  one  who 
has  worked  at  the  brain  must  be  familiar  with  an  appearance  of  this  kind  resulting 
simply  from  portions  of  the  gray  matter  having  been  sliced  off  irregularly. 
Whether  these  are  the  same  as  the  above  it  is  hard  to  say. 

For  account  of  the  condition  of  the  Optics  and  the  so-called 
"  Hypertrophy  of  the  brain  "  which  accompany  brain  tumours,  see  pp. 
577  and  708. 

Epilepsy. 

973.  It  seems  to  be  well  established  both  from  experimental  and 
clinical  evidence  that  convulsions  at  least,  if  not  true  epilepsy,  may 
result  from  explosions  of  nerve  energy  within  the  motor  nerve  cells  of 
the  cortex  cerebri,  medulla  oblongata,  and  floor  of  the  fourth  ventricle. 
The  name  "Cortical  or  Jacksonian  Epilepsy"  is  given  to  the  con- 
vulsions from  the  first  of  these  causes,  while  that  of  "  Infracortical  or 
Medullary  Epilepsy  "  is  the  term  employed  when  they  are  the  result 
of  a  discharge  of  nerve  energy  from  the  medulla  oblongata  and  its 
neighbourhood. 

Cortkal  or  Jacksonian  Epilepsy, 

Epileptiform  convulsions  in  various  parts  of  the  body  can  be 
exciteii  by  the  application  of  a  powerful  electric  current  to  the 
motor  cerebral  cortex  of  the  cat,  dog,  monkey,  or  guinea-pig — that  is 
to   say,    in  an  animal   with   a   pretty   highly -developed    cerebrum. 

^  For  farther  information  see  Heusser  (No.  13,  ex.  1887,  p.  9). 
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According  to  F.  Frank  and  Pitres  (No.  4,  xiL  1883,  p.  1),  the  con- 
vidsions  may  manifest  themselves  as  a  monospasm  of  a  particular 
muscular  group ;  sometimes  they  extend  to  all  the  voluntary  muscles 
on  one  side  of  the  body  (hemispasm) ;  and  sometimes  they  affect  the 
muscles  of  all  four  members  and  of  the  two  sides  of  the  face  (general 
epilepsy).  The  animal  appears  to  preserve  its  consciousness  where  the 
attacks  are  partial.  Where  they  are  general,  however,  consciousness 
is  lost,  the  pupils  become  large  and  immobile,  and  do  not  react  to  light 
Other  phenomena  very  much  akin  to  those  of  true  epilepsy  show  them- 
selves, and  the  end  of  the  attack  is  announced  by  a  deep  inspiration. 

These  phenomena  correspond  very  closely  with  cortical  epilepsy, 
as  originally  described  by  H.  Jackson  (see  Bibliog.).  This  affection 
differs  from  what  is  called  "  idiopathic  epilepsy  "  in  the  fact  that  the 
convulsions  commence  in  one  isolated  muscular  group.  An  habitual 
epileptic  of  the  congenital  type  utters  a  cry,  becomes  insensible,  falls, 
and  is  universally  convulsed,  while  the  Jacksonian  epileptic  knows 
when  the  attack  is  commencing,  is  conscious  of  the  first  spasms,  and 
if  he  become  unconscious,  is  so  only  later  on.  There  is  no  charac- 
teristic cry,  he  does  not  fall  at  once,  but  probably  has  sufficient  time 
to  seat  himself  before  the  attack  has  reached  its  climax.  The  spasms 
usually  follow  a  particular  order  in  their  advent  Thus,  if  they  begin 
in  the  face,  they  next  spread  to  the  arm  and  subsequently  to  the  leg. 
If  they  begin  in  the  hand,  they  afterwards  attack  arm  and  face  succes- 
sively. If  they  begin  in  the  leg,  those  of  the  arm  follow,  and  the  face 
is  affected  last. 

This  Jacksonian  epilepsy  is  almost  always  the  result  of  stimulation 
of  the  motor  area  in  the  cerebral  cortex  by  tumours,  softenings, 
encephalitis,  meningitis,  etc.  Lesions  of  the  centrum  ovale  provoke 
Jacksonian  epilepsy  only  when,  at  the  same  time,  they  implicate  the 
gray  matter  of  the  convolutions. 

There  is  a  possibility,  however,  as  ah-eady  mentioned,  that  dis- 
charges of  a  like  kind  may  take  place  from  parts  lower  down  such  as 
the  medulla  oblongata  and  floor  of  the  foiuth  ventricle.  H.  Jackson 
(No.  521,  ix.  1887,  p.  1)  is  quite  of  this  opinion — ^an  opinion  which 
is  also  held  by  Gowers  (No.  525,  p.  201).  The  medulla  oblongata 
in  chronic  epileptics  is  sometimes  extremely  hard  and  cartilage-Hke, 
particularly  in  the  neighbourhood  of  the  olivary  bodies.  The  hardness 
is  due  to  a  coarsely  fibrous  condition  of  the  part. 

Binswanger's  experiments  (No.  517,  xix.  1887,  p.  759)  also  seem 
to  support  this  view.  He  finds  that  in  rabbits  there  are  a  series  of 
mechanically  and  electrically  excitable  points  located  on  either  side  of 
the  middle  line  of  the  floor  of  the  fourth  ventricle.  When  they  are 
stimulated  convulsive  phenomena  are  forthcoming  in  the  back,  head, 
and  extremities;  and  not  only  so  but  the  movements  in  the  ex- 
tremities have  an  organised  character. 

It  is  quite  possible  that  in  the  so-called  idiopathic  or  congenital 
epileptic  these  centres  are  concerned.     The  reflex  character  of  the 
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attacks  would  lend  some  colour  to  the  notion,  and,  moreover,  the 
medulla  oblongata  in  such  individuals  is  seldom  free  from  disease.  It 
is  often  of  cartilage-like  hardness,  from  an  overgrowth  of  fibrous  tissue 
having  taken  place  in  its  substance  (see  p.  682). 

Artificial  Production  of  the  Epileptic  HaUt  in  Animah. 

Brown-S^quard  (see  Bibliog.)  showed  that  guinea-pigs  could  be 
rendered  epileptic  by  various  procedures,  such  as  hemisection  of  the 
spinal  cord,  or  by  injury,  section,  or  pinching  of  a  sensitive  nerve  such 
as  the  sciatic  In  course  of  time  there  forms,  on  the  same  side  of  the 
head  and  face,  on  the  skin  on  the  inferior  border  of  the  lower  jaw,  on 
that  of  the  anterior  border  of  the  shoulder-blade,  or  on  part  of  the 
skin  of  the  nape  of  the  neck,  what  he  termed  an  "  epileptogenous 
zone."  The  slightest  tap  over,  or  even  brushing  against,  this  zone  is 
sufficient  to  throw  the  animal  for  a  few  seconds  into  a  condition 
closely  resembling  epilepsy  in  the  human  subject.  The  fits,  from 
possessing  at  first  the  character  of  a  mere  reflex  spasm,  go  on  increas- 
ing in  severity  until,  in  the  course  of  something  like  six  weeks,  they 
assume  that  of  true  epileptic  seizures.  Indeed  Westphal  (No.  43, 
viii.  1871,  p.  449)  has  demonstrated  that^  without  any  previous 
operation,  a  simple  tapping  of  the  head  of  a  guinea-pig,  as  with  a 
percussion  hammer,  is  sufficient  to  throw  it,  either  immediately  or  in 
a  few  seconds  afterwards,  into  convulsions.  Instances  of  a  like  con- 
dition in  Man  have  been  reported  and  commented  upon  by  NothnageL 
They  have  usually  occurred  in  individuals  who  have  received  some 
injury  to  the  sciatic  or  fifth  nerve. 

But  the  most  extraordinary  case  of  this  guinea-pig-like  epileptic 
condition  on  record  is  that  observed  by  Hughlings  Jackson  (No.  6, 
1886,  ii.  p.  962).  From  the  care  taken  to  investigate  the  case  there 
cannot  be  any  doubt  that  it  was  genuine.  The  patient  was  a  boy 
seven  years  of  age,  who  appears  to  have  had  true  epileptic  fits  off  and 
on  from  the  time  when  he  was  two  and  a  half  years  old.  Latterly, 
however,  he  developed  an  "  epOeptogenous  zone  "  over  the  head.  On 
flicking  the  face  with  a  handkerchief,  or  merely  touching  the  head,  or 
when  an  object  like  a  curtain  came  in  contact  with  this  zone,  the  boy 
collapsed  and  fell  to  the  ground.  He  turned  red,  looked  vacant,  his 
respiration  ceased,  and  his  eyes  were  drawn  to  one  side.  The  "  fit " 
lasted  for  about  fifteen  seconds  or  less.  He  would  sometimes  have  as 
many  as  fifty  falls  of  this  kind  in  a  day.  He  took  siniilar  *'  fits  "  in 
his  sleep  if  the  head  was  touched,  and  the  movements  were  exactly 
the  same  as  when  he  was  awake. 

State  of  the  Nerve  Centres  during  an  Attack, 

The  general  opinion  is  that  during  an  epileptic  attack  the  brain  is 
anasmiCy  and  Eussmaul  and  Tenner's  experiments  are  generally  quoted 
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as  supporting  the  view  that  the  starting-point  of  the  epileptic  attack 
is  this  primary  anaemia.  The  loss  of  consciousness  is  also  often 
accounted  for  on  this  basis.  The  anaemia  is  supposed  to  originate  in 
vascular  spasm. 

If  a  person  die  during  a  convulsive  fit,  the  brain  will  be  found 
anaemic  to  an  extraordinary  degree;  if  some  short  time  afterwards, 
the  vessels  contain,  as  a  rule,  more  blood  than  usual. 

It  is  hard  to  explain,  if  anaemia  be  the  starting-point  of  the  con- 
vulsion, how  Alexander's  operation  of  ligature  of  the  vertebral  artery 
or  arteries  (No.  521,  v.  1883,  p.  170)  proves  efficacious,  as  in  many 
cases  it  seems  to  be,  in  at  least  relieving,  if  it  does  not  actually  eradi- 
cate, the  epileptic  habit  of  body.  Perhaps  it  may  be,  as  the  deviser  of 
the  operation  suggests,  that  the  ligature  of  the  artery  acts  by  in  some 
way  altering  the  circulation. 

Literature  on  Epilepsy, — Alexander  (Treatment  by  Ligature  of  Cerebral  Arteries) : 
Brain,  v.  1883,  p.  170.  Binswanrer  (Pathogenesis):  Arch.  f.  Psychiat,  xix. 
1888,  p.  759.  Brown-S^quard :  Researches  on  Epilepsy,  1857  ;  also.  Arch,  de 
physiol.  norm,  et  j^th.,  1868-72.  Fran^ois-Frmnck  and  Pitres :  Aroh.  de  physioL 
norm,  et  path.,  xu.  1888,  p.  1.  Fraser  (Hemiatrophy  of  Brain  in) :  Glasg.  Med. 
Joom.,  xxxi  1889,  p.  83.  Gowers :  Epilepsy  and  other  Chronic  Convulsive 
Diseases,  1881.  Hare :  Epilepsy ;  its  Patholosnr  and  Treatment,  1890.  Horsley 
(Origin  and  Seat  of  Epileptic  Disturbance) :  Brit  Med.  Joum.,  1892,  i.  p.  693. 
Jackson  (Localisation  of  Movements) :  Lancet,  i.  1873,  pp.  84,  162,  232 ;  oZm, 
Reprint;  also.  West  Riding  Asylum  Rep.,  iii.  1878,  p.  175;  also  (Partial  Con- 
vulsion), Med.  Times  and  6az.,  i.  1875,  p.  578  et  seq,  ;  also,  Lancet,  1877,  L  p.  876  ; 
also  (Convulsions),  Brain,  ix.  1886-87,  {).  1.  Jackson  and  Beevor  (£.  mth  Olf. 
Aura.  Tumour  in  Temp.-Sph.  Lobe) :  Brit.  Mea.  Joum.,  1889,  L  p.  414.  Kussnuiul 
and  Tenner :  Moleschott  s  Untersuch.,  iiL  1857.  Paton  (Jacksonian) :  Brain,  viiL 
1885-86,  p.  474.  Unverricht  (Experimental) :  Arch.  f.  Psychiat.,  xiv.  1888,  p. 
175.    Westphal :  Berl.  klin.  Wochnschr.,  vuL  1871,  p.  449. 

Disseminated  Sclerosis. 

974. — Syn,  Insular  sclerosis,  Sclerose  en  plaques  di884min^e& 

Definition. — A  chronic  disease  characterised  by  the  growth  ofpaiches 
of  new  connective  tissue  toithin  the  brainy  cordy  or  in  both  simultaneously. 
The  patches  do  not  follow  a/ny  regular  course  in  their  distribuiion. 

Historical. — The  disease  appears  to  have  been  first  described  by 
Cruveilhier  (No.  332),  and  the  appearances  presented  by  the  parta 
were  about  the  same  time  figured  by  Cars  well  (No.  557).  It  was, 
however,  Charcot  (No.  558,  p.  157)  and  Vulpian  (No.  559,  p.  676) 
who  some  twenty -five  to  thirty  years  ago  first  gave  us  a  clear 
description  of  its  clinical  and  pathological  peculiarities. 

Vital  Phenomena. — It  is  a  disease  which  may  occur  at  any 
period  of  life,  but  is  rare  in  childhood  and  in  old  age.  It  may 
simulate  all  manner  of  nervous  affections,  but  among  the  most  striking 
of  its  manifestations  are  the  trembling  of  the  arms  on  the  endeavour 
to  perform  piu*posed  movements,  nystagmus,  and  a  termination  in 
general  imbecility.  There  may  be  paresis,  there  is  not  generally 
paralysis  of  the  limbs. 
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Morbid  Anatomy  and  Histology. — The  patches  of  new  tissue 
may  be  entirely  confined  to  the  brain  or  to  the  cord,  but  are  sometimes 
present  in  both.  The  cranial  nerves,  such  as  the  optic,  are  occasionally 
involved.     The  brain  presents  a  shrunken  appearance,  and  its  sub- 


arachnoid spaces  are  correspondingly  large.  The  patches  are  quite 
irregular  in  shape,  and  follow  no  law  as  to  distribution  through 
particular  tracts.  They  are  most  numerous  in  the  white  matter. 
Charcot  supposed  that  the  cerebral  cortex  escaped.  That,  however,  is 
not  so  ;  the  patches  may  be  found  here  as  elsewhere,  sometimes  strictly 
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confined  to  it,  at  other  times  passing  into  it  from  the  subjacent  white 
matter. 

In  the  most  typical  cases  there  is  usually  a  very  large  patch  closely 
embracing  each  lateral  ventricle.  Within  the  pons  they  &re  numerous, 
and  may  lie  so  superficially  that  they  are  readily  visible  before  cutting 
into  the  organ. 

They  may  be  either  soft  and  gelatinous  or  somewhat  hard.  In 
the  former,  met  with  in  oldnstanding  cases,  the  patches  look  exactly 
like  the  myxomatous  parts  of  a  mucoid  sarcoma.     They  are  sharply 


B 


Fio.  471.— Half  Schematic  Reprrsentatjonh  op  Cord  in  Dihheminated  Hclerosis  bhowixo 
THE  Position  op  the  Bclerotic  Patches  at  different  I..BVELa 

(A)  Cervical ;  (B)  upper  dorsal ;  (C)  lower  dorsal ;  <D)  lumbar. 


defined  from  their  surroundings,  are  irregularly  angular  in  outline,  and 
have  the  same  soft  jelly-like  aspect  which  myxomatous  patches  possess. 
While  fresh,  they  are  gray  or  grayish -red  in  colour,  but  become 
redder,  more  salmon-coloured,  on  exposure  to  the  atmosphere.  They 
vary  in  size,  from  a  barley  seed  to  patches  several  centimetres  in 
length,  and  when  cut  into  are  level  with  the  surface.  Within  the 
cord  the  patches  are  very  numerous.  They  are  sometimes  wedge- 
shaped,  the  base  of  the  wedge  towards  the  periphery. .  The  patch  may 
run  inwards  from  the  white  and  nip  off  a  semilunar  piece  of  the  gray 
matter,  or  it  may  implicate  the  entire  anterior  or  posterior  horn, 
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poesibly,  along  with  the  surrounding  white  matter.  Sometimes  a 
crescentic  patch  is  placed  symmetrically  on  either  side  of  the  anterior 
fissure. 

Examined  microscopically,  the  glia  within  each  pat<;h  is  found  to  be 
densely  cellular,  so  that  when  a  suitable  staining  reagent,  such  as 
haematoxylene,  is  used,  the  border  of  the 
patch  is  seen  to  be  sharply  demarcated 
from  the  neighbouring  parts,  owing  to  its 
deep  colour. 

Every  one  (see  Bibliog.)  now  seems  to 
be  agreed  that  the  medullary  sheath  of 
the  nerve  fibres  degenerates,  but  that  the 
axis-cylinder  may  preserve  its  continuity 
for  long,  even  in  its  naked  state.  Hence, 
probably,  the  absence  of  paralysis  in  the 
early  stages.  There  is  also  usually  no 
evidence  of  secondary  degeneration,  prob- 
ably for  the  same  reason.  The  nerve 
cells  preserve  their  integrity.  When 
secondary  degeneration  is  noticed  it  is 
in  keeping  with  the  number  of  axis- 
cylinders  destroyed  (Babinski,  No.  4,  v. 
1885,  p.  186). 

In  the  centre  of  each  patch  a  large 
vessel  may  be  seen ;  it  is  often  a  vein. 
Around  it  may  be  observed  an  unusually 
dense  small-cell  infiltration. 

Nature  of  Morbid  Lesion. — It  has  been  supposed  to  be  a 
localised  encephalitis  or  myelitis.  Charcot,  Vulpian,  and  Fromann 
trace  its  commencement  to  the  neuroglia.  Rindfleisch  supposed  that 
it  took  its  departure  from  the  adventitia  of  the  blood-vessels.  Adam- 
kiewicz,  on  the  other  hand,  believes  that  it  is  a  primary  affection 
of  the  nerve  tubes. 

LUercUure  on  Multiple  Sclerosis. — Babinski :  Arch,  de  physiol.  norm,  et  path.,  v. 
1885,  p.  186.  Bastian:  Trans.  Clin.  Soc.  Lond.,  xvii  1884.  Bruckner:  Aroh.  f. 
Psychiat,  xiL  1881-82,  p.  660.  Brims:  Berl.  klin.  Wochnschr.,  xxv.  1888,  p.  90. 
Bttchwald :  Ueb.  mult  Sklerose  des  Hims  u.  Ruckenmarks,  1872.  Biiiss :  Berl. 
klin.  Wochnschr.,  xxiv.  1887,  pp.  921,  946  ;  also,  Deut  Arch.  f.  klin.  Med.,  xlv. 
1889,  p.  666.  Charcot :  Lectures  on  Nervous  System,  N.  Syd.  Soc.  Cramer 
(Commencing):  Aroh.  f.  Psychiat,  xix.  1888,  p.  667.  Duplaix :  Arch.  sen.  de 
m^,  1886,  L  pp.  146,  314.  Ebstein:  Ueb.  mult  Sklerose,  etc.,  1886.  Gilbert 
and  Lion:  Aich.  de  physioL  norm,  et  path.,  x.  1887,  p.  126.  Glynn:  Liverp. 
Med..Chir.  Joum.,  vii.  1887,  p.  192.  Hess:  Arch.  f.  Psychiat,  xix.  1887,  p.  64. 
Jolly:  Arch.  f.  Psychiat,  iii.  1872,  p.  711.  K5ppen  (Histol.  Changes):  Arch.  f. 
Psychiat,  xvii.  1886,  p.  68.  Oppenneim:  Berl.  klin.  Wochnschr.,  xxiv.  1887,  p. 
904.  Osier:  Canada  Med.  and  Surg.  Joum.,  ix.  1880-81,  p.  1;  also,  Reprint 
Pelizaens:  Arch.  f.  Psychiat,  xvi.  1886,  p.  698.  Ribbert:  Arch.  f.  path.  Anat, 
xc  1882,  p.  248.  Schuster  (Following  S^ph.) :  Deut  med.  Wochnschr.,  xi.  1886, 
p.  878.  Tjaden :  £in  Beitrag  zur  Kenntniss  der  mult.  Sclerose,  etc.  Unger :  Ueb. 
multiple  inselfdrmige  Sklerose  des  Centralnervensystems  in  Kindesalter.  vulpian  : 
Malaoies  du  syst^me  nerveux,  ii.  1886,  p.  676. 


Fio.  472. —  Part  of  a  Sclirotic 
Patch  from  a  Spinal  Cord  af- 
fectbd  with    insular  sclerosis 

SHOWING  THE  FELT-LIKS  PlEZUS  OF 

.  Fine   Connective  Tissue   Fibres 

BETWEEN   THE   NeRVE  TuBES  (x800 
DiAMS.) 

(a)  Blood-vessel;  (b)  nerve  tube 
surrounded  by  the  new  growth  of 
connective  tissue  (Logwood  and  Clari- 
fied). 
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Locomotor  Ataxia. 

975.  Definition. — This  disease  is  characterised  essentially  by  loss 
of  the  power  of  co-ordinaiing  the  movements  of  the  lotver  and  U  may  he  the 
upper  extremities  for  combined   actions,  as   in  walking,  etc.     Later  on, 
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certain  complications  show  themselves,  such  as  loss  of  the  reflexes 
for  the  vesiad  and  intestinal  sphincters,  squint,  ptosis,  double  vision, 
mydriasis,  myosis,  amblyopia,  amaurosis,  colour-blindness,  etc 
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Sex. — ^It  is  a  disease  more  common  in  the  male  than  in  the 
female,  about  10  per  cent  only  being  females.  It  is  also  usually  a 
disease  of  middle  life. 

Nature  of  Disease. — ^The  symptoms  are  due  to  a  characteristic 
lesion,  a  sclerosis,  of  the  posterior  columns  of  the  cord  (Fig.  473). 
The  glia  increases  in  quantity  and  becomes  very  fibrous,  so  that  if  a 
small  piece  of  the  degenerated  tracts  be  cut  off  and  squeezed  out  under 
a  cover-slip,  quite  a  felt- work  of  delicate  fibres  comes  into  view  (Fig.  474). 

The  nerve  fibres  are  destroyed  at  an  early  period,  and  the  destruc- 
tion implicates  axis-cylinder  as  well  as  medullary  sheatL  Varicose 
swellings  may  be  foimd  on  the  axis-cylinders  during  the  time  that  they 
are  breaking  up. 


PlO.    474.— SCLEROBIS  OF  THB  PoSTBRIOR  COLUMNS  OF  THU  COBD  IN  LOCOMOTOR 'ATAXIA 

(X800  DiAlCS.) 

(a)  Capillary  vessel ;  (6)  colloid  bodies ;  (c)  nerve  tubes  in  state  of  degeneration ;  (d,  d,  d)  sclerotic 
tissue  lying  between  nerve  tabes,  the  sheaths  of  most  of  which  are  empty ;  (e)  interfunicnlar  artery 
(Logwood,  Picric  acid,  and  Clarifled). 


Large  numbers  of  true  amyloid  bodies  are  seen  lying  in  the 
degenerated  parts.  Their  presence  is  in  some  respects  a  distinctive 
feature  of  the  lesion.  The  degeneration  is  usually  regarded  as 
belonging  to  the  class  of  "  system  diseases  "  of  the  cord — that  is  to  say, 
it  is  a  degeneration  commencing  in  a  particular  tract,  and  running 
along  it  upwards  or  downwards,  while  other  tracts  remain  uninjured. 
It  should  be  remembered,  however,  that  this  view  is  not  universal 

Adamkiewioz,  for  instance  (No.  12,  Ixxxiv.  H.  1,  Ab.  IIL  1881,  p. 
469  ;  and  Ibid,,  xc.  H.  1,  Ab.  III.  1885,  p.  258)  holds  that  it  is  not  a 
disease  guided  in  its  direction  by  any  particular  tract,  but  that  the 
course  of  the  sclerosis  is  determined  by  certain  blood-vessels,  more 
particularly  the  interfunicnlar  arteries  of  the  posterior  columns. 
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Seat  of  Origfin  of  Lesion  and  Parts  affected — ^The  sclerosis 
usually  commences  in  the  lower  dorsal  and  upper  Iwmbar  regions^  and 
spreads  upwards.  It  is  questionable,  nevertheless,  whether  the  disease 
in  the  cervical  portion  of  the  cord  is  always  of  the  same  nature  as  that 
lower  down.  In  many  instances  it  has  more  the  character  of  a 
secondary  degeneration  following  upon  destruction  of  the  ascending 
lumbar  fibres,  and  corresponds  in  extent  and  site  to  their  position  in 
the  cervical  cord. 

The  degeneration  begins  as  a  rule  in  the  posterior  root  zone,  and  the 
posterior  roots  are  also  implicated.  It  must  not  be  supposed,  however, 
that  the  posterior  root  zone  is  always  the  seat  of  advent  of  the  disease. 
At  the  primary  locus  of  the  disease  in  the  inferior  dorsal  region  the 
sclerosis  is  often  best  marked  around  the  interfunicular  artery,  between 
the  postero-intemal  and  postero-extemal  tracts.  The  fibres  of  the 
posterior  column  lying  close  to  the  posterior  commissure  usually 
escape.  In  the  upper  cervical  region  the  lesion  may  be  found  strictly 
confined  to  a  small  loedgershaped  area  within  the  tracts  of  GoU  on  either 
side  of  the  posterior  fissure.  Lissauer^s  trad  is  almost  always  implicated 
(see  Nonne,  No.  517,  xix.  1887,  p.  810 ;  and  Hadden  and  Sherrington, 
No.  521,  XL  1889,  p.  330).  Clarke's  vesicular  columns  are  generally 
destroyed. 

The  pia  mater  over  the  degenerated  tracts  is  sometimes  thickened. 
The  muscular  coat  of  the  arteries  suffers  great  hypertrophy  and  becomes 
peculiarly  homogeneous. 

The  anterior  horn  of  gray  matter  and  the  anterior  nerve  roots  as 
a  rule  remain  unaffected.  The  degeneration,  however,  is  not  always 
confined  to  the  posterior  columns.  Towards  the  climax  of  the  disease 
it  may  spread  into  the  lateral  columns, 

^adden  and  Sherrington  (No.  521,  xi.  1889,  p.  325),  for  instance,  describe  a 
case  of  tins  kind  in  which  an  ascending  degeneration  could  be  traced  throughont 
the  course  of  the  lateral  columns  from  the  lowest  limits  of  the  cord  upwards  through 
the  medulla  oblongata.  Bullen  (No.  521,  xii.  1890,  p.  433)  records  another  case. 
In  this  there  was  slight  degeneration  of  the  crossed  pyramidal  tracts  throughout 
the  entire  dorsal  region,  while  the  anterior  comua  and  anterior  nerve  roots  were 
unchanged.  In  the  former  case  the  degenerated  fibres  in  the  lumbar  and  lower 
dorsal  regions  were  spread  out  diffusely,  but  in  the  upper  dorsal  and  cervical  regions 
the  tract  of  degeneration  was  more  defined,  and  occupied  the  so-called  *' antero- 
lateral tract "  of  Gowers  in  a  position  midway  between  anterior  and  posterior  nerve 
roots.  In  the  medulla,  it  lay  in  front  of  the  substantia  gelatinosa — a  position  also 
occupied  by  the  direct  cerebellar  tract  in  its  course  upwards.  For  such,  and  for 
other  reasons,  Hadden  and  Sherrington  hold  that  this  antero-lateral  tract  is  simply 
the  anterior  portion  of  the  direct  cerebellar  tract. 

The  peripheral  nerves  almost  always  suffer  in  cases  of  old  standing. 
Among  those  to  be  first  affected  are  the  optic  and  the  third.  The 
degeneration  within  them  seems  to  resemble  that  of  the  spinal  cord. 
It  is  accompanied  by  complete  breaking  up  of  the  nerve  fibres. 

Friedreich  (No.  13,  xxvi.  1863,  pp.  399,  452),  Westphal  (No.  517, 
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viii.  1878,  p.  480),  Dej^rine  (No.  4,  ii  1883,  p.  72),  Sakaky  (No. 
517,  XV.  1884,  p.  584),  and  Nonne  (No.  517,  xix.  1887,  p.  809)  have 
all  described  degeneration  of  peripheral  spinal  nerves,  more  especially 
Buch  as  are  sensory -cutaneous.  Langhans,  however  (No.  13,  xlv. 
1869,  p.  413),  states  that  the  tactile  corpuscles  of  the  skin  are 
uninjured. 

In  some  very  old -standing  cases  the  heads  of  the  bones  become 
absorbed  and  the  long  hmes  deformed  (Charcot's  disease).  It  is 
possible  that  this  may  be  caused  by  a  degeneration  of  peripheral  nerves. 
The  teeth  also  sometimes  fall  out,  probably  for  a  like  reason. 

Where  the  muscles  begin  to  fall  off  the  anterior  horns  of  gray 
matter  will  usually  be  found  diseased. 

Gastric  and  Laryngeal  Crises. — The  so-called  "  gastric  crises  " 


Fio.  475. — Erb's  Scheme  illustratino  the  Mechanism  of  the  Aboyll- Robertson 
Phenomenon  (see  Text). 

are  difficult  to  account  for  on  pathological  grounds.  Eoss  (No.  521, 
ix.  1887,  p.  24)  relates  a  case  where  there  were  "laryngeal  crises" 
with  crowing  respiration  and  tendency  to  suffocation.  They  were 
associated  with  a  completely  disorganised  condition  of  the  fasciciUus 
rotundus  in  the  medulla  oblongata  on  both  sides,  and  with  minor 
changes  in  the  ascending  root  of  the  fifth. 

Pupil  Phenomena. — A  peculiar  pupil  phenomenon^  first  described 
by  Argyll-Robertson  (No.  19,  xiv.  1868-69,  p.  697),  is  often  noticed 
in  the  course  of  the  disease.  It  consists  in  the  absence  of  reflex 
contraction  to  light,  while  contraction  in  the  act  of  accommodation  is 
retained. 

ErVs  explanation  (No.  140,  xxiv.  1879,  p.  1),  which  is  the  one 
usually  adopted,  is  the  following  (see  Fig.  475) : — The  light  reflex  of 


760  THE  NERVOUS  SYSTEM  part  in 

the  pupil  is  held  by  him  to  be  regulated  by  the  arc  GBCH.  A 
lesion  of  the  optic  nerve  (G)  will  cut  off  the  light  reflex,  but  will  also 
be  accompanied  by  blindness.  Disease  of  the  fibres  of  the  third  (H) 
will  have  the  same  effect  on  the  pupil,  but  will  be  accompanied  by 
dilatation  of  the  pupil  and  loss  of  contraction  of  the  pupil  in  accommo- 
dation. Destruction  of  the  fibres  (A)  connecting  the  corpora  quadri- 
gemina  and  the  nucleus  of  the  third  nerve  will  arrest  the  light  reflex, 
and  the  loss  of  reaction  will  not  be  accompanied  by  either  blindness 
or  paralysis  of  the  sphincter  of  the  iris.  Contraction  to  accommodation 
will  also  be  retained,  because  the  path  A  will  still  be  open.  The  seat 
of  the  lesion  underlying  this  peculiar  pupil  phenomenon  ought  there- 
fore to  be  in  a  path  corresponding  to  A — that  is  to  say,  at  a  point  some- 
where intermediate  between  the  anterior  corpora  quadrigemina  and 
the  floor  of  the  aqueduct. 

Cause  of  Incoordination. — It  is  probably  due  simply  to  the 
loss  or  impairment  of  the  reflexes  necessary  for  locomotion,  together 
with  a  greater  or  less  amount  of  impairment  of  tactile  sensibility. 
The  loss  in  control  over  the  sphincters  which  ensues  in  the  later  stages 
of  the  disease  can  be  explained  on  the  same  grounds.  Van  Deen  and 
CI.  Bernard  demonstrated  that  section  of  the  posterior  nerve  roots 
induces  total  inability  to  co-ordinate  movement;  while,  of  late,  two 
cases  have  been  recorded  by  Dej^rine  (No.  4,  iii.  1884,  p.  231)  in 
which  the  ataxy  was  the  result  of  neuritis ;  and  one  by  Bennett  (Na 
293,  xviii.  1885,  p.  168)  in  which  locomotor  ataxia  of  spinal  origin 
was  completely  simulated  by  multiple  sarcomatous  tumours  pressing 
upon  the  posterior  nerve-roots. 

The  lig^htning^  pains  and  delay  in  transmission  of  painful  im- 
pressions are  to  be  explained  on  a  like  basis.  The  fact  of  the  peculiar 
darting  pains  coming  on  early  in  the  disease  is  accounted  for  by  the 
sclerosis  so  often  commencing  in  the  posterior  nerve-root  zone. 

The  absence  of  paral3rsis  of  motion  is  due  to  the  antero- 
lateral columns,  the  anterior  comua  of  gray  matter,  and  the  anterior 
nerve  roots  being  spared. 

Syphilitic  Origin. — It  has  often  been  asserted  that  the  exciting 
agent  in  locomotor  ataxia  is  syphilis.  Foumier  (No.  134,  ccix.  1886, 
p.  200)  has  made  careful  inquiry  into  the  matter,  and  his  statistics 
show  that  out  of  146  cases  of  locomotor  ataxia,  9  were  without 
syphilitic  antecedents;  22  were  doubtful,  ie.  had  suflered  from  a 
venereal  sore,  but  whether  syphilitic  or  not  could  not  be  ascertained ; 
112  had  undoubtedly  suflered  from  syphilis;  and  3  apparently  were 
hereditarily  syphilitic. 

Ataxic  Paraplegia. — A  peculiar  form  of  ataxia  is  sometimes 
seen  where,  in  addition  to  many  of  the  ordinary  ataxic  phenomena, 
there  are  superadded  those  of  diminished  muscular  power.  The  two 
often  develop  pari  passu.  The  lightning  pains  and  the  Argyll- 
Robertson  pupil  are  usually  absent.  The  cord  presents  sclerotic  altera- 
tion both  in  the  posterior  and  lateral  columns ;   the  degeneration  in 
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the  latter  situation  may  be  sharply  circumscribed  to  the  crossed 
pyramidal  tract  As  referred  to  by  Gowers,  however  (No.  59,  1886, 
ii  p.  2),  there  are  two  distinct  points  of  difference  in  the  anatomical 
lesions  in  this  as  compared  with  locomotor  ataxia  pure  and  simple. 
These  are  (1)  that  the  sclerosis  of  the  posterior  columns  is  ill  marked 
in  the  lumbar  but  evident  in  the  dorsal  region  of  the  cord ;  and  (2) 
that  the  sclerosis  is  rarely  so  intense  in  the  posterior  root  zone. 


""^^^^ii' 


Pig.  476. — Section  or  Cord  xrvEcrrED  with  the  Sclerosis  of  Friedreich's  Disease. 

The  patches  are  confined  to  the  posterior  and  lateral  colnmns.     Upper  lumbar  region  (  x  50  Diains., 
reduced— Weigert's  Usematoxylene  StainX 

Ataxia  and  Bulbar  Paral3rsis. — Locomotor  ataxia  ends  occa- 
sionally in  bulbar  paralysis,  with  atrophy  of  the  bulbar  nerves. 


Friedreich's  Disease  (Hereditary  Ataxia), 

976.  Definition. — By  this  is  understood  a  hereditary  form  of 
ataxia  usually  affecting  several  members  of  a  family.  The  age  at  which 
it  shows  itself  varies  from  four  to  twenty-four  years  (Gowers).     Fried- 
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reich  classified  it  with  locomotor  ataxia,  Charcot  and  Boumville  with 
disseminated  sclerosis. 

Nature  of  Lesion. — In  all  well-authenticated  cases,  according  to 
Friedreich  (No.  13,  Ixx.  1877,  p.  140),  the  most  manifest  lesion  is 
sclerosis  of  the  posterior  columns,  sometimes  affecting  both  those  of 
Burdach  and  of  GolL  In  addition  to  this,  sclerosis  is  foimd  in  the 
other  columns,  sometimes  in  the  posterior  part  of  the  lateral,  at  other 
times  in  the  anterior  columns.  In  the  lateral  column  the  degeneration 
may  take  the  form  of  a  wedge  (Fig.  476),  with  the  base  to  the  peri- 
phery and  the  apex  pointing  towards  the  h&y  formed  by  the  junction 
of  the  anterior  and  posterior  gray  comua.  Friedreich  regarded  the 
cord  lesions  as  primary,  not  secondary.    He  also  stated  (No.  1 3,  Ixviii. 

1876,  p.  177)  that  the  lesions  of  the  posterior  columns  cease  in  the 
medulla  oblongata. 

Literature  on  Locomotor  Ataxia. — Adamkiewicz :  Arch.  f.  Psychiat,  x.  1880, 
p.  767  ;  also  (Anatomy),  Sitzungsb.  d.  k.  k.  Akad.  d.  Wissensch.,  Math.-naturw. 
CI.,  1884,  Wien,  1885,  xc.  p.  258.  Althaus :  Progressive  Locomotor  Ataxy,  1866. 
Bennett  (Without  Dis.  of  Post.  Cols.) :  Trans.  CI.  Soc.  Lond.,  xviii.  1885,  p.  168. 
Bramwell  (With  Loss  of  Muse.  Sense):  Brain,  x.  1887-88,  p.  218.  Brown: 
Brain,  xv.  1892,  p.  250.  Btillen  (L.  A.  with  Gen.  Paralysis) :  Brain,  xii.  1889-90, 
p.  433.  Charcot  (Joint- Lesions) :  Arch,  de  physioL  norm,  et  path.,  iL  1869,  p. 
121  ;  vi.  1874,  p.  166  ;  also,  Bull.  Soc.  anat.  de  Par.,  L  1876,  p.  546.  Charcot 
and  Tofifroy:  Arch,  de  physioL  norm,  et  path.,  iiL  1870,  p.  306.  Dreschfeld 
(Frieareich's  Disease) :  Manchest.  and  Liverp.  Hosp.  Rep.,  iv.  1876,  p.  93.  Drey- 
fuss  (Paralysis  of  Larynx  in) :  Arch.  f.  path.  Anat.,  cxx.  1890,  p.  154.  Dachenne  : 
Arch.  g^n.  de  m^.,  1858,  ii.  p.  641  ;  1859,  L  pp.  86,  158,  417  ;  1863,  iL  p. 
570  ;  also  (Sympathetic  in),  Gaz.  hebd.  de  m^.  et  ae  chir.,  i.  1864,  pp.  116,  147  ; 
also.  Collected  Works,  N.  Syd.  Soc.,  1883.  Eichorst:  Arch.  f.  path.  Anat,  cxxv. 
1891,  p.  25.  Erb  (Etiology  of  Tabes):  SammL  klin.  Vortr.,  1892,  No.  53  (Innere 
Med.,  No.  18,  p.  515).  JEulenburg:  Arch.  f.  path.  Anat.,  xcix.  1886,  p.  18. 
Everett  Smith  (Friedreich's  Disease):  Boston  Med.  and  Sure.  Joum.,  15th  Oct. 
1885.  Flechskf  (is  L.  A.  a  '*  System-Disease  ") :  Neurol.  Centralbl.,  ix.  1890,  pp.  33, 
72.    Friedreich  (Hereditary  Form) :  Arch.  f.  path.  Anat.,  Ixviii.  1876,  p.  145  ;  Ixx. 

1877,  p.  140.  Goldscheider  (Ataxy  and  Muscle  Sense) :  Arch.  f.  Physiol.,  1887,  p. 
491.  Goodhart  (Hereditary) :  Trans.  Clin.  Soc.  Lond.,  xxi.  1888,  p.  268.  Gowers 
(Ataxic  Paraplegia) :  Lancet,  1886,  ii.  pp.  1,  61.  Hadden  and  Sherrington :  Brain, 
xi.  1888-89,  p.  825.  ▼.  Kahlden  (Arthropathy  in) :  Arch.  f.  path.  Anat.,  dx.  1887, 
p.  318.  KaJiler  and  Pick  (Ataxic  Paraplegia):  Arch.  f.  Psychiat,  viii.  1878,  p. 
251  ;  Ibid.,  x.  1880,  p.  179.  Lissauer  (Path.  Anat.) :  Neurol.  CentralbL,  iv.  1885, 
p.  245;  also  (Course  of  Fibres  in  Post  Horn):  Arch.  f.  Psychiat,  xviL  1886,  p. 
377.  Menzel  (Hereditaiy  and  Disease  of  Cerebellum) :  Arch.  f.  Psychiat,  xxii, 
1890,  p.  160.  Mdbius  (New  Researches  on) :  Schmidts'  Jahrb.,  ccix.  1886,  p.  200. 
Nonne  (Periph.  Nerves  in) :  Arch.  f.  Psychiat,  xix.  1887,  D.  809.  Oppeiuieim : 
Arch.  f.  Psychiat,  xx.  1888,  p.  131.  Oppenheim  and  Siemerlinsf :  Arch.  f. 
Psychiat,  xviii.  1887,  p.  98.  Kedlich  (Post  Roots  of  Sp.  Cord  and  Tabes) :  Jahrb. 
f.  Psychiatric,  xi.  1892-93,  p.  333.  Reumont:  Syphilis  u.  Tabes,  1881.  Rind- 
fleisch  (Path.  Anat  of) :  Cong.  f.  innere  Med.,  WiesD.,  vi.  1887,  p.  100.  Robinson 
(Drawings  of  Joint  Affection) :  Trans.  Path.  Soc.  Lond.,  xxxviii.  1887,  p.  319. 
Ro88  (Laryngeal  Crises) :  Brain,  ix.  1887,  p.  24.  Rossolymmo  (Trophic  Lesions 
Skin) :  Arch.  f.  Psychiat,  xv.  1884,  p.  722.  Shaw  (Peripheral  Nerves):  Joum.  Nerv. 
and  Ment  Dis.,  N.  Y.,  xv.  1888,  p.  433.  Spitzka  (Relations  between  Syniptoms 
and  Lesions) :  Alienist  and  Neurologist,  vi.  No.  3.  Stewart  (Oastric  Crisis  in)  : 
Med.  Times  and  Gaz.,  1876,  ii.  p.  414  ;  also  (Eye- Phenomena  in).  Brain,  1879,  iL  p. 
181 ;  also  (Eye  Symptoms),  Bram,  ii.  1880,  p.  181.  Stnimpell :  Arch.  f.  Psychiat,, 
X.  1880,  p.  676 ;  xi.  1881,  p.  27  ;  xii.  1882,  p.  723.  Sucklii^  (Friedreich's 
Disease) :  111.  Med.  News,  Lond.,  iv.  1889.  p.  257.  Westphal :  Arch.  f.  Psychiat, 
xvii.  1886,  p.  647.     White  (Recent  Researches) :  Brain,  ix.  1886-87,  p.  396. 
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Poliomyelitis  Anterior  (ttoAio?,  gi-ay). 

977.  Meaning  of  Term. — This  term  is  applied  to  what  is  sup- 
posed to  be  an  inflammatory  aiFection  of  the  anterior  horn  of  gray 
matter.  The  disease  comes  on  sometimes  acutely,  at  other  times  very 
slowly  and  insidiously.  In  accordance  with  this  the  following  clinical 
varieties  are  recognised.  In  the  whole  of  them  the  ultimate  lesion  of 
the  cord  is  probably  identical. 


(1)  Infantile  Spinal  Paralysis — Essential  Paralysis — Poliomyelitis 
anterior  acuta  infantum. 

The  disease  passes  through  three  stages — (a)  the  period  of  acute 
fever  in  which  the  paralysis  supervenes ;  (b)  the  period  in  which  the 
fever  has  vanished  and  in  which  the  paralysis  becomes  stationary  and 
the  muscles  imdergo  atrophy ;  and  (c)  the  stage  in  which  deformities 
of  the  limbs  present  themselves.     It  seldom  proves  fatal  in  childhood. 

The  anatomical  lesion  consists  in  an  acute  destruction  of  the 
tropho-motor  nerve  cells  in  one  or  in  both  anterior  horns  of  gray 
matter.  Although  the  symptoms  at  first  may  point  to  the  disease 
being  more  or  less  general,  the  destruction  of  the  nerve  cells  is  usually 
locaHsed  to  the  cervical  or  lumbar  swelling.  The  glia  cells  in  the 
affected  horn  of  gray  matter  are  said  to  be  increased  in  number. 
Empty  spaces  are  left  where  the  nerve  cells  have  vanished,  and  in 
course  of  time  the  anterior  roots  appear  to  be  more  or  less  completely 
broken  up.  Later  on,  the  part  of  the  gray  matter  implicated  becomes 
very  fibrous,  and  the  contraction  of  this  fibrous  tissue  brings  about  a 
shrinking  of  the  horn  with  a  depression  of  the  corresponding  anterior 
root  zone. 

The  disease  is  usually  regarded  as  inflammatory,  but  on  reflection 
it  will  be  seen  that  the  appearances  are  by  no  means  those  of  an 
ordinary  myelitis  (p.  582).  The  fact  of  its  being  so  peculiarly  localised 
is  against  the  inflammatory  theory. 

Cerebral  Variety. — Infantile  paralysis  does  not  always  seem  to 
be  due  to  a  spinal  lesion.  It  has  long  been  known  that  it  is  occasion- 
ally of  cerebral  origin.  The  supposition  was  formerly  that  in  these 
cases  a  haemorrhage  had  occurred  in  infancy,  and  that  this  explained 
the  shrinkage  of  the  brain  sometimes  found  later  on. 

Jendrassik  and  Marie  (No.  4,  v.  1885,  p.  105)  and  Striimpell  (No.  93,  1884,  No. 
xliv.  quoted  by  Hoven)  seem  to  have  first  drawn  attention  to  a  disease  of  the  brain 
supposed  to  be  an  encephalitis,  alike  with  that  of  the  anterior  comua  of  the  cord  in 
ordinary  spinal  infantile  paralysis.  Striimpell  named  the  condition  '*  Polio-encepha- 
litis." This  appears  to  account  for  a  large  proportion  of  the^e  cases.  When  the 
individual  lives  over  the  acute  stage  the  cortex  of  the  motor  area  of  the  brain  always 
shows  multiple  destructive  lesions  of  a  porencephalic  nature. 

VOL.  TI  3  C 


764  THE  NERVOUS  SYSTEM  pabt  ui 

In  a  good  many  instances,  however,  haemorrhages,  softenings,  etc., 
account  for  the  phenomena  (compare  Ross,  No.  521,  v.  1883,  p.  344). 

Seeing  that  the  destruction  of  the  cortex,  from  whatever  cause,  is 
usually  localised  to  small  areas,  particular  muscles  or  groups  of  muscles, 
as  might  be  expected,  become  paralysed  and  ultimately  contracted. 
The  disease  comes  on  during  infancy  or  early  childhood,  and  is  usually 
ushered  in  by  convulsions. 

Ross  (No.  521,  V.  1883,  p.  344)  draws  a  distinction  between  the 
condition  of  the  muscles  in  this  and  in  infantile  spinal  paralysis.  In 
this  they  are  contracted  or  contractured,  and  the  limbs  consequently 
assume  characteristic  positions.  In  ordinary  infantile  paralysis  they 
are  relaxed  and  flabby. 

In  by  far  the  greater  number  of  cases  essential  paralysis  is  a  disease 
of  infancy  or  early  childhood.  It  should  be  remembered,  however, 
that  an  identical  disease  is  occasionally  met  with  in  the  adult. 

(2)  Poliomyelitis  subacuta  s.  chronica — Wasting  Palsy — Paralysie  g6n6rah 
spinde  antirieure  subaigtie  (Dnchenne)— Progressive  Spinal  Muscular 
Atrophy. 

Vital  Phenomena. — A  feeling  of  weakness  is  first  experienced 
in  the  muscles  of  the  upper  extremity;  wasting  in  these  muscles, 
beginning  usually  in  the  interossei  and  muscles  of  the  ball  of  the 
thumb,  and  spreading  upwards  to  those  of  the  thorax  and  trunk, 
follows ;  while  the  disease  is  slowly  progressive  and  invariably  ends 
fatally. 

Morbid  Anatomy. — The  lesion  is  essentially  the  same  as  in  the 
foregoing.  It  is  seldom  that  all  the  nerve  cells  vanish  from  the 
anterior  horn  ;  the  defect  is  rather  confined  to  individual  groups.  It 
may  happen,  however,  as  in  the  case  recorded  by  Oppenheim  (No.  517, 
xix.  1887,  p.  381),  that  they  have  completely  disappeared. 

The  muscles  lose  colour  and  fall  off  markedly  in  bulk.  The  fibres 
become  fatty,  but  more  as  a  secondary  affection  than  as  a  primary  con- 
dition. The  first  alteration  noticed  in  the  muscles  appears  to  be  a 
proliferation  of  the  connective  tissue  (perimysium).  This  is  followed 
in  time  by  fatty  destruction  of  the  fibre.  In  the  later  stages  of  the 
disease  the  interspaces  of  the  muscular  bundles  may  be  filled  with 
adipose  tissue. 

Literature  on  Poliomyelitis^  AiUcHor  acuta,  and  Chronica — Infantile  Paralysis. — 
Bernhardt  (Spastic  Cerebral  Par.  in  Children) :  Arch.  f.  path.  Anat,  cii  1885,  i>. 
26 ;  aiw  (Juvenile  Prog.  Muse.  Atrophy,  with  Implication  of  Eye  Muscles),  BerL 
klin.  Wochnschr.,  xxiv.  1887,  p.  763.  Damaschino  (Path.  Anat.):  Gaz.  d.  hon., 
Iviii.  1885,  p.  625.  Duchenne :  L'electrisation  localisee,  1872.  Erb :  Cyclopfleaia 
of  Practical  Med.  (Ziemssen),  xiii  Gibbons :  Med.  Times  and  Gaz.,  1885,  li.  p. 
307.  Gibncy  (Cerebral  Par.  in  Children) :  N.  Y.  Med.  Rec.,  xxx.  1886,  p.  393. 
Gowers  (Birth  Palsies):  Lancet,  1888,  i.  p.  709.  Hadden :  Brain,  vi.  1883-84, 
p.  302.  Hoven :  Beitrag  zur  Anat.  der  cerebralen  Kinderldhmung,  1887  ;  also 
(Cerebral  Infantile  Paralysis),  Arch.  f.  Psychiat.,  xix.  1888,  p.  663.  v.  Kahlden : 
Beitr.  z.  path.  Anat.  u.  z.  Allg.  Path.,  xiii.  1893,  p.  118.     Kast  (Cerebral  InfantUe 
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Paralysis) :  Arch.  f.  Psychiat.,  xviii.  1887,  p.  437.  Oppenheim  (Chronic) :  Arch, 
f.  Psychiat,  xix.  1887,  p.  381.  Pasteur  (Infant.  Par.  limited  to  Bulbar  Nuclei) : 
Lancet,  1887,  ii.  p.  858.  Rockwell  (In  Adult):  N.  Y.  Med.  Rec.,  xxvii.  1886, 
p.  205.  Ross:  Brain,  1882  and  1883.  Seeligmiiller  (Birth  Palsies):  Berl. 
klin.  Wochnschr.,  xi.  1874,  pp.  500,  517.  Wallenbursf :  Ein  Beitrag  zur  Lehre 
yon  den  oerebralen  Kinderlahmnngen,  1886 ;  tUso  (Infantile),  Arch.  f.  Psychiat., 
xix.  1888,  p.  297.  Williamsoti  (Early  Changes):  Med.  Chron.,  Manchester,  xiL 
1890-91,  p.  454.  Wolfenden  (Infant.  Cerebral  Par.) :  Practitioner,  xxxvii.  1886, 
p.  161. 

ErVs  Paralysis. 

978.  This  term  is  applied  to  a  condition  in  which  there  is  atrophy 
of  the  muscles  as  in  the  above>  but  where  the  atrophy  of  the  muscles 
is  limited  to  those  of  the  shoulder-girdle  and  arms,  in  some  cases  affect- 
ing also  those  of  the  thigh,  while  the  forearms  and  hands  are  free. 
The  juvenile  form  of  the  disease  is  apparently  a  primary  myotic 
affection. 

Muscular  Atrophies. 

979.  As  muscular  atrophy  plays  so  prominent  a  part  in  polio- 
myelitis, it  may  be  as  well  to  draw  attention  to  some  facts  connected 
with  muscular  atrophies  in  general 

Lesions  of  the  brain,  as  a  rule,  do  not  cause  muscular  atrophy  so 
long  as  the  trophic  nerve  cells  of  the  anterior  horn  of  gray  matter  are 
intact  It  is  the  separation  of  the  muscle  from  its  trophic  nerve  cell 
which  acts  as  the  commonest  cause  of  muscular  atrophy  in  nervous 
diseases. 

Dreschfeld  (No.  521,  viii.  1886,  p.  164)  makes  the  following  classification  : — 

(1)  Stick  as  result  from  a  primary  affection  of  the  motor  nerve  cells  in  the  anterior 
horn  of  gray  matter  in  the  cord — either  inflammatory  or  degenerative.  To  this 
group  belong  infantile  paralysis  and  acute  poliomyelitis  of  adults,  progressive 
muscular  atrophy,  subacute  and  chronic  poliomyelitis,  and  amyotrophic  lateral 
sclerosis.  The  degeneration  of  the  nuclei  of  the  motor  cranial  nerves  is  the  starting- 
polut  of  the  muscular  atrophy  of  acute  and  chronic  bulbar  paralysis  (glosso-labial 
pharyngeal  paralysis,  and  Wernicke's  polio-encephalitis  superior,  acute  and  chronic). 
The  ophthalmoplegia  of  Hutchinson  and  Mauthner  is  also  probably  to  be  included 
in  this  category. 

(2)  Where  the  spinal  cord  is  found  normal  and  the  lesion  resides  chiefly  in 
peripheric  and  intermuscular  nerves.  The  effect  of  the  morbid  condition  of  the  nerve 
is  to  separate  the  muscles  from  their  trophic  nerve  cells  in  the  spinal  cord.  Within 
this  group  are  to  be  included  the  multiple  peripheric  neuritis  of  Leydeu,  lead 
paralysis  with  atrophy,  alcoholic  paralysis,  and  some  at  least  of  the  paralyses  and 
atrophies  following  diphtheria,  typhoid,  and  other  zymotic  diseases.  The  condition 
of  the  limbs  in  Beri-Beri  and  that  resulting  from  wounds  of  nerves  or  pressure  of 
tumours  upon  them  are  also  to  be  reckoned  in  this  group. 

(3)  In  this  the  muscles  themselves  are  the  primary  scat  of  the  affection.  It  includes 
the  juvenile  form  of  Erb's  paralysis,  that  of  Charcot,  and  that  of  Dejerine,  and 
peeudo-hypertrophic  paralysis. 
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(4)  Jiejlex  atrophies  are  now  acknowledged.  Charcot  lias  made  a  special  study  of 
those  associated  with  joint-affections.  It  is  assumed  that  the  trophic  ganglia  are 
irritated  in  a  reflex  way  by  the  peripheral  stimulus. 

Charcot  and  Dejerine  describe  a  primary  atrophic  affection  of  the 
muscles  of  the  face. 


Thomsen's  Disease  {Myotonia  congenita), 

980.  This  name  is  applied  to  a  congenital  condition  in  which 
there  is  tonic  contraction  of  the  muscles,  sometimes  of  the  whole  body, 
y>ut  more  especially  those  of  the  hands  and  feet.  The  contraction  is 
most  marked  on  commencing  a  particular  movement,  as  in  going 
upstairs,  and  in  a  manner  wears  off  as  the  movement  is  continued. 
The  disease  appears  to  be  hereditary.  Thomsen,  who  himself  was  a 
sufferer  from  it,  traced  it  in  his  family  through  five  generations.  It 
commences  in  early  childhood,  and  the  symptoms  become  more  marked 
with  increasing  years. 

So  far,  little  is  known  of  its  pathology.  The  only  definite  observ^a- 
tions  are  those  of  Erb,  and  of  Martins  and  Hansemann  (see  Bibliog.) 
on  the  state  of  the  muscles.  They  found  the  primitive  bundles  in  a 
state  of  hypertrophy,  with  increase  in  the  number  of  the  nuclei,  de- 
creased evidence  of  stria tion,  and  vacuolation  (Erb). 

Literature  on  Thomseti's  Disease  (Myotonia  congenita). — Banham:  Brain,  x. 
1887-88,  p.  229.  Buzzard :  Lancet,  1887,  i.  p.  972.  Cook  and  Smeeten :  Brit 
Med.  Joum.,  1890,  i.  p.  73.  Dana :  Journ.  Nerv.  and  Ment.  Dis.,  N.  Y.,  xv.  1888,  pi 
*259.  Erb  :  Die  Thomsen'sche  Krankheit,  1886  ;  also,  Deut.  Arch.  f.  klin.  Med.,  xlv. 
1889,  p.  529.  Eulenburg  and  Melchert  (In  Four  Sisters) :  Berl.  klin.  Wochnschr., 
xxii.  1885,  p.  605.  Grdner :  £tude  sur  la  maladie  de  Thomsen,  1890.  Hammond : 
Gaillard's  Med.  Journ.,  N.  Y.,  xli.  1886,  p.  614.  Martins  and  Hansemann :  Arch, 
f.  path.  Anat.,  cxvii.  1889,  p.  587.  Moyer :  Med.  News,  Phila.,  Ivii.  1890,  p.  168. 
Seifcrt:  Deut.  Arch.  f.  klin.  Med.,  xlvii.  1890,  p.  127.  Thomsen:  CentralbL  f. 
Nervenh.,  viii.  1885,  p.  193.    White:  Guy's  Hosp.  Rep.,  xxxi.  1889,  p.  329. 


PsEUDOMUSCULAR  HYPERTROPHY  {Atrophia  musculorum  lipamatosa). 

981.  The  disease  is  characterised  by  the  apparent  great  hj^wr- 
trophy  of  the  muscles  of  the  legs  and  buttocks,  accompanied  by  pro- 
gressive weakness  in  the  affected  limbs  and  a  peculiar  straddling  gait 

It  seems  to  be  primarily  an  affection  of  the  muscles  at  fault,  for 
although  alterations  of  a  pathological  nature  have  been  found  in  the 
spinal  cord,  yet  they  are  by  no  means  of  constant  occurrence,  nor  do 
they  involve  definite  parts.  They  vary  also  in  their  nature.  The 
anterior  nerve  roots,  it  is  said,  suffer  partial  disintegration. 

The  condition  of  the  muscles,  such  as  those  of  the  calf,  is  alleged 
to  be  one  in  which  there  is  a  proliferation  of  the  connective  tissue 
nuclei  between  the  bundles  and  also  of  those  of  the  sarcolemma. 
These  increase  to  such  an  extent  that  the  muscular  fibres  suffer  atrophy, 
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and  certain  of  them  assume  the  broken-up  colloid  aspect  of  the  flat 
abdominal  and  thigh  muscles  in  typhoid  fever.  Later  on,  the  new- 
formed  cells  become  infiltrated  with  oil  and  converted  into  true  adipose 
tissue. 

Literature  on  Pseiido-Hypertrophic  Paralysis. — Berg^er :  Arch.  f.  Psychiat.,  xiv. 
1883,  p.  625.     Charcot  (State  of  Muscles) :  Arch,  de  physiol.  norm,  et  path.,  iv. 

1871,  p.  228.  Clarke  and  Cowers :  Lancet,  1874,  i.  p.  801.  Cohnheim:  Ges. 
Abhandl.,  1885,  p.  87.  Duchenne :  Brit.  Med,  Journ.,  1867,  ii.  p.  541  ;  also,  Arch, 
gen.  de  med.,  xi.  1868,  pp.  6,  179,  421,  562;  also  (Path.  Anat),  Gaz.  d.  h6p.,  xiv. 

1872,  p.  634.  Fawsitt  (First  Stage) :  Lancet,  1887,  ii.  p.  758.  Cowers  :  Lancet, 
1879,  ii.  f.lUseq,  Handford :  Trans.  Path.  Soc.  Lond.,  xl.  1888-89,  p.  24. 
JacotM  (Miary  P.) :  Syst.  Pract.  Med.  [Pepper],  iv.  1886,  p.  557  ;  also  (Microscopical 
Studies  in),  Journ.  Iverv.  and  Ment.  Dis.,  xiv.  1887,  p.  577.  Middleton:  Glasg. 
Med.  Journ.,  xxii.  1884,  {>.  81 ;  Ibid,,  xxix.  1888,  p.  526.  Nicholson  (In  Four 
Brothers) :  Lancet,  1889,  i.  p.  1081.  Preisz  (Histological  Examination) :  Arch.  f. 
Psychiat.,  xx.  1888-89,  p.  417.  Schultze :  Arch.  f.  path.  Anat.,  xc.  1882,  p.  208. 
Suckling:  (In  Adult) :  Brit.  Med.  Joiu-n.,  1884,  ii.  p.  21. 

Spastic  Paralysis. 

982.  The  lateral  pyramidal  tracts  are  sometimes  the  subject  of  a 
primary  sclerosis.  The  condition  is  said  to  commence  in  a  destruction 
of  the  nerve  tubes,  the  fibrous  overgrowth  being  superadded.  The 
chief  result  of  the  defect  is  a  paresis  or  weakening  of  the  limbs,  com- 
bined with  spastic  contraction  of  the  muscles. 

There  are  two  varieties  of  the  disease:  (1)  where  the  pyramidal 
tracts  of  the  cord  are  alone  affected ;  and  (2)  where  along  with  the 
sclerosis  of  the  pyramidal  tracts  there  is  more  or  less  widespread 
destruction  of  the  trophic  ganglion  cells  in  the  anterior  horn  of  gray 
matter.  As  a  rule,  the  disease  in  both  cases  is  symmetrical.  To 
the  former  the  name  primary  lateral  sclerosis  is  usually  given, 
to  the  latter  that  of  amyotrophic  lateral  sclerosis. 

Piu'e  primary  lateral  sclerosis  is  a  very  rare  disease ;  only  a  few 
cases  are  on  record  (see  Dreschfeld,  No.  5,  xv.  1880-81,  p.  510).  The 
chief  difference  between  the  resulting  phenomena  of  the  two  lesions  is 
that,  in  the  former,  the  nourishment  of  the  muscles  is  retained,  and 
the  spastic  contractions  and  paresis  stand  out  as  the  most  striking 
feature ;  while,  in  the  latter,  in  addition  to  the  spastic  paresis,  there 
is  marked  wasting  of  the  muscles  of  the  limbs. 

The  disease  in  both  cases  is  easily  diagnosed  from  locomotor  ataxia. 
It  must  be  borne  in  mind,  however,  as  already  mentioned,  that  sclerosis 
of  the  posterior  columns  is  occasionally  combined  with  a  sclerosis  of 
the  crossed  pyramidal  tract,  and  that  the  resulting  phenomena  in  this 
case  are  blended. 

Literature  an  Spastic  Paralysis.  ^Benntit  (Spastic  Paralysis) :  Lancet,  1886,  i. 
p.  484.  Charcot :  Lemons  sur  les  maladies  du  syst^me  nerveux,  1874,  p.  218  et  seq.  ; 
also  (Two  New  Cases  with  P.  M.  Exam.),  Arch,  de  Neurol.,  x.  1885,  p.  168.  CoU^ 
(Amyotrophic) :  St.  Barth.  Hosp.  Rep.,  xix.  1883,  p.  343.  Coxwcll (Amyotrophic) : 
Trans.  Path.  Soc.  Lond.,  xxxv.  1883-84,  p.  42.  Debove  and  Gombault  (Amyo- 
trophic) :  Arch,  de  physiol.  norm,  et  path.,  vi.  1879,  p.  751.     Dreschfeld  (Primary 
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Lateral):  Jonrn.  Anat  and  Physiol.,  xy.  1880-81,  p.  510.  Erb  (Relationship  to 
Tabes):  Arch.  f.  Psychiat.,  vii.  1876,  p.  288.  Fcrricr  (Amyotrophic):  Lancet, 
1881,  i.  p.  822.  Furstner:  Neurol.  CJentralbl.,  viii.  1889,  p.  666.  GomtMUilt: 
£tude  sur  la  sclerose  lat^rale  amyotrophiqiie,  1877.  Ormerod :  Brain,  ix.  1886-87, 
p.  245.  Risse  (Amyotrophic) :  Deut.  Arch.  f.  klin.  Med.,  xliv.  1888-89,  p.  523. 
Schmaus:  Deut.  Arch.  f.  klin.  Med.,  xlvi.  1889-90,  p.  113.  Shaw:  Bristol 
Med.-Chir.  Journ.,  ii.  1884,  p.  270.  Stewart  (G.)  (Spasmodic  Paraplegia) :  Trans. 
Med.-Chir.  Soc,  Edin.,  viii.  1888,  p.  189.  StriiinpeU  (Amyotrophic):  Arch.  f. 
Psychiat,  xi.  1880,  p.  32;  also  (Amyotrophic),  Deut.  Arch.  f.  klin.  Med.,  xlii. 
1887,  p.  230.  Suckline:  Brit.  Med.  Journ.,  1883,  i.  p.  252  ;  also  (Combined  Dis. 
of  Post. -Ext  and  Lat  Tracts),  Lancet,  1886,  i.  p.  59.  Westphal  (Amyotrophic) : 
Arch.  f.  Psychiat.,  xvii.  1886,  p.  279. 


Fio.  477.— Primary  Lateral  Sclerosis. 

The  chief  patches  are  located  in  the  crossed  pyramidal  tracts.    A  small  patch  is  also  visible 
in  each  anterior  column  (x50  Diams.,  reduced— Weigert's  Hsematoxj'lene  Stain). 


Acute  Ascending  Paralysis  {Landry's  Paralysis), 

983.  Definition. — This  remarkable  disease  is  particularised  by 
an  ascending  motor  paralysis^  hy  few  abnormalities  of  sensation^  and  by 
immunity  of  the  sphincters.  The  disease  may  end  fatally.  It  may  also 
sometimes  pass  off  without  leaving  any  permanent  ill  effect. 

Its  pathology  is  still  very  obscure.  The  cord  has  been  examined 
repeatedly,  and  although  occasionally  it  has  been  found  diseased,  yet 
the  changes  in  it  have   been  of   minor  importance  and  inconstant 
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They  do  not  explain  the  paralysis.  A  notion  now  prevalent  is  that  it 
is  caused  by  a  vegetable  toxin  secreted  by  a  microphyte.  The  toxin 
may  act  upon  the  peripheral  nerves  or  upon  the  cord  itself. 

Banmgarten  (No.  126,  1876,  referred  to  by  Nauwerck  and  Barth)  stated  that  the 
b€icillus  of  anthrax  was  present  throughout  the  body  in  one  case,  and  that  it  was 
accompanied  by  a  hyaline  effdsion  round  the  vessels  of  the  cord.  Curschmann  (also 
referred  to  by  same)  asserted  that  he  had  found  the  typhoid  bacillus  widespread 
throughout  the  body  in  another  case.  He  was  enabled  to  obtain  a  pure  culture  of 
the  bacillus  from  the  dorsal  and  cervical  cord. 

Literature  on  Aeuie  Ascending  Paralysis  {Landry* s  ParaZ^m).— Berardinone : 
Riforma  Med.,  Naples,  v.  1889,  pp.  729,  735.  Brown :  Brain,  xiii.  1890-91,  p.  375. 
Buck:  Lancet,  1885,  ii.  p.  12.  Carter:  Brit.  Med.  Joum.,  1890,  i.  p.  1127. 
CUurk :  Lancet,  1884,  ii.  p.  1089.  Dejerine :  Recherches  sur  les  l^ions,  etc.,  dans 
la  paralysie  ascendante  aigue,  1879.  Dejerine  and  Goetz :  Arch,  de  physiol. 
norm,  et  path.,  iii.  1876,  p.  312.  Hoffmann:  Arch.  f.  Psychiat,  xv.  1884,  p. 
140.  TacotM:  Berl.  klin.  Wochnschr.,  xxi.  1884,  p.  311.  Kahler  and  Pick: 
Arch,  f.  Psychiat.,  x.  1880,  p.  318.  Klebs:  Deut  Med.  Wochnschr.,  January  15, 
1891.  Landry:  Traits  complet  des  paralysies,  1859  (tome  i.) ;  also,  Gaz.  hebd.  de 
med.,  vi.  1859,  pp.  472,  486.  Mann:  Med.  Chron.,  Manchester,  vi.  1887,  p.  99. 
Nanwerck  andT  Barth  (Path.  Anat.):  Beitr.  z.  path.  Anat,  u.  z.  allg.  Path., 
Ziegler,  v.  1889,  p.  1.  Pitres  and  Vaillard :  Arch,  de  physiol.  norm,  et  path., 
ix.  1887,  p.  149.  Schnlz  and  Schultze:  Arch.  f.  Psychiat,  xii.  1881,  p.  457. 
Schwartz:  Wien.  med.  Bl.,  x.  1887,  p.  249.  Weber:  Joum.  Nerv.  and  Ment 
Dis,,  N.  Y.,  X.  1885,  p.  442.    Wcstphal :  Arch.  f.  Psychiat,  vi.  1875-76,  p.  765. 


Reflex  Paralysis. 

984.  Definition. — True  reflex  paralysis  consists  in  a  more  or  less 
compleie  paralysis  of  motioriy  generally  confined  to  one  or  both  of  the  lotoer 
extremities^  and  caused  by  some  peripheral  irritation  acting  reflexly  upon 
the  spinal  cord,  or  perhaps  m>ore  especially  upon  its  blood-vessels. 

Its  Pathology.  —  The  peripheral  exciting  causes  are  usually 
some  affection  of  the  skin,  uterus,  intestine,  or  bladder,  and  the  most 
likely  explanation  of  the  occurrence  of  the  paralysis  is  that  a  stimulus 
from  these  diseased  organs  is  conveyed  to  the  blood-vessels  of  the 
cord  and  causes  a  contraction  of  their  channels,  with  consequent 
ansemia  of  the  parts  irrigated  by  them.  Brown-S^quard  stated  that 
he  saw  the  vessels  of  the  spinal  pia  mater  on  one  side  contract  when 
the  kidney  or  supra-renal  capsules  were  encircled  by  a  ligature  or 
otherwise  irritated. 

Urinary  Paraplegia. 

985.  This  is  often  mistaken  for  reflex  paralysis,  although  the 
pathology  of  the  two  diseases  seems  to  be  distinct  and  unrelated.  In 
the  former,  a  lesion  of  the  cord  is  never  found,  in  the  latter,  such  has 
been  discovered  in  several  instances. 

Vital  Phenomena. — The  patient,  who  is  almost  always  a  male, 
is  generally  in  middle  life  and  has  quite  likely  been  suflering  for  some 
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time  from  a  chronic  gonorrhoea  or  some,  other  purulent  affection  of  the 
urinary  passages.  The  catheter  is  passed  probably  owing  to  some 
difficulty  in  micturition.  Some  time  afterwards  he  begins  to  get  weak 
in  the  lower  extremities,  his  legs  shake  under  him,  and,  at  the  same 
time,  there  is  considerable  constitutional  disturbance.     This  paresis 


Fio.  478.— Urinary  Paraplegia.    Part  op  Antero-Lateral  Column  from  Lower  Dorsal 
Region  (x40  Diams.) 

(ffc.v.,  th.v.)  Thrombotic  vessels  ;  {rue.)  nen'e  coll ;  {hm)  h«emorrhagic  focus  (Cannine  and 

Clarified). 


may  afterwards  amount  to  complete  paralysis.    It  is  confined,  however, 
to  the  lower  extremities.     The  disease  very  often  ends  fatally. 

Its  Patholog^r. — Gull  (see  Bibliog.)  first  demonstrated  the  true 
nature  of  the  disease.  In  all  the  cases  in  which  he  obtained  an 
autopsy  he  found  that  there  was  suppurative  disorganisation  of  the 
cord.     The  suppuration  appeared  to  have  been  propagated  along  the 
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veins  leading  from  the  pelvis  and  which  anastomose  with  the  vertebral 
veins  in  the  lower  dorsal  and  lumbar  regions.  The  vertebral  veins 
in  some  instances  were  filled  with  pus. 

A  case  supporting  the  above  notion  of  the  organic  and  probably 
septic  nature  of  the  disease  was  published  by  the  author  (No.  148, 
Ivii.  1876,  p.  440)  a  good  many  years  ago.  The  autopsy  revealed 
thrombosis  of  the  veins  of  the  cord,  together  with  apoplexies  and 
disorganisation  of  the  cord  itself  (Fig.  478).  The  area  of  the  cord 
affected  was  extensive,  but  the  morbid  appearance  was  most  evident 
in  the  lumbar  and  lower  dorsal  regions. 

Literature  ati  Reflex  Paralysis  and  Urinary  Paraplegia. — Annandale :  Edin. 
Med.  Joiim.,  xxiiL  1877-78,  p.  847.     Bradley  (Urethral) :  N.  Y.  Med.  Rec,  x. 

1875,  p.  356.  Biistowe  :  Brit.  Med.  Journ.,  1872,  i.  p.  610.  Charcot :  AUg.  Wien. 
med.  Ztg.,  xvii.  1872,  pp.  557,  574,  591.  Gull :  Med.-Chir.  Trans.,  xxxix.  1855-56, 
p.  195  ;  also,  Guy's  Hosp.  Rep.,  vii.  1861,  p.  313.  Hamilton  :  Brit,  and  For.  Med.- 
Chir.  Rev.,  Ivii.  1876,  p.  440.  Jones:  Practitioner,  xii.  1874,  p.  170.  Leyden : 
Sammlung  klin.  Vortr.,  1870,  No.  2  (Innere  Med.,  No.  1),  1-22.  Mitchell,  Moore- 
house,  and  Keen :  Circular,  No.  6,  Surgeon -General's  Office,  Washington,  1864. 
Nothiiai:el:  Arch.  f.  Psychiat,  vL  1875-76,  p.  332.  Ogle:  Lancet,  1862,  i.  p. 
31 5.  Pommer  :  Zur  Lehre  v.  d.  Paraplegia  urinaria,  1862.  Sayre  :  Phila.  Med. 
Times,  xiii.  1882-83,  p.  123.  Starr  (Reflex  Neuroses) :  Med.  News,  Phila.,  Ivi.  1890, 
p.  299.  Treub:  Arch.  f.  exper.  Path.  u.  Pharmakol.,  x.  1878-79,  p.  398.  Wood- 
ward (Reflex  Neuroses) :  Med.  Rec.,  N.  Y.,  xxxvii.  1890,  p.  81. 

Chorea. 

986.  There  is  no  denying  the  fact  that,  voluminous  as  the 
literature  on  the  subject  may  be,  we  know  practically  nothing  of  the 
pathology  of  this  disease.  Embolism  of  the  capillaries  of  the  brain, 
thrombosis  of  cerebral  and  spinal  blood-vessels,  congestion  and  what 
not  of  those  of  the  basal  ganglia,  together  with  softenings  of  the  cord 
and  swelling  of  its  ganglion  cells,  have  each  done  duty  as  a  basis  to 
found  a  pathology  upon.  It  only  requires  to  be  said  that  all  of  them 
have  been  duly  weighed  and  found  wanting. 

Literature  cni  Chorea. — Bastian :  Brit.  Med.  Journ.,  1877,  i.  pp.  36,  65.  Broad- 
bent :  Brit  Med.  Journ.,  1869,  i.  p.  345.  Dana  (Path.  Anat.) :  Brain,  xiii.  1890, 
p.  71.  Dickinson:  Med.-Chir.  Trans.,  lix.  1876,  p.  1.  Elischer  (Chorea  Minor): 
Arch.  f.  path.  Anat.,  Ixi.  1874,  p.  485.  Hanford :  Brain,  xii.  1889,  p.  129.  Hoff- 
mann :  Arch.  f.  path.  Anat.,  cxi.  1888,  p.  513.  Huber  (Hereditary) :  Arch.  f.  path. 
Anat.,  cviii.  1887,  p.  267.      H.Jackson  (Embolic  Theory):  Brit.  Med.   Journ., 

1876,  ii.  p.  813.  Kirkes  :  Lond.  Med.  Gaz.,  xi.  1850,  p.  1004  ;  also,  Med.  Times  and 
Gaz.,  1863,  p.  677.  Mackenzie  (Embolic  Theory) :  Brit.  Med.  Journ.,  1876,  ii.  p. 
814.  Tait  (In  Pregnancy):  Dub.  Quart.  Journ.  Med.  Sc,  xlv.  1868,  p.  203. 
Wilka :  Med.  Times  and  Gaz.,  1869,  i.  p.  135. 

Simple  and  Multiple  Neuritis. 

987.  Inflammation  of  a  single  nerve  or  of  several  nerves  supply- 
ing, say  a  limb,  may  be  the  result  of  injury  or  septic  infection. 
When  septic  it  usually  has  a  suppurative  tendency,  and  the  pus 
spreads  along  the  course  of  the  nerve.  In  some  forms  of  neiu-itis  the 
lesion   takes   on   a   sclerotic   character.      New   cicatricial    tissue    is 
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deposited  between  the  nerve  fibres,  which  in  time  contracts  upon  them 
and  brings  about  their  destruction.  To  all  such  cases  the  term 
simple  neuritis  is  applied. 

There  exists  a  condition  of  the  nerves,  however,  usually  regarded 
as  a  neuritis,  in  which  several  nerves  are  simultaneously  and,  as  a 
rule,  symmetrically  involved.  The  peripheral  ends  of  the  nerves, 
moreover,  are  more  implicated  than  the  parts  which  are  more  central. 
The  terms  peripheral  paralysis  or  multiple  neuritis  are  accord- 
ingly applied  to  it.  The  paralysis  is  not  always  complete ;  it  may 
amount  to  nothing  more  than  a  paresis.  The  paralysis,  moreover, 
spreads  from  below  upwards  and  somewhat  resembles  that  of  acute 
ascending  palsy.  The  various  sensibilities  will  be  found,  however,  to 
have  deteriorated  more  or  less,  while  in  Landry's  paralysis  sensation 
is  usually  spared.  In  its  commencement  and  progress  the  disease  is 
markedly  bilateral,  and  as  a  rule  it  is  recovered  from. 

In  cases  where  an  examination  of  the  nerves  has  been  obtained 
their  peripheral  extremities  have  been  found  extensively  diseased. 

In  a  tjrpical  case  published  by  Stewart  (No.  19,  xxvi.  1881,  p. 
865)  the  author  examined  the  parts  after  death  and  found  that  the 
brain  was  quite  sound,  but  that  the  peripheral  extremities  of  the 
nerves  leading  to  the  hands  and  feet  were  profoundly  altered.  It 
was  thought  that  in  the  cervical  and  lumbar  enlargements  the  tracts  of 
Goll  and  the  ascending  cerebellar  tracts  were  perhaps  a  little  more 
distinct  than  usual.  There  was  not,  however,  any  disintegration  of 
the  cord  which  could  be  regarded  as  primary. 

Of  all  the  nerve  trunks  affected,  the  median,  ulnar,  and  tibial  had 
suffered  most.  Looked  at  with  a  low  power,  on  transverse  section, 
certain  bundles  of  fibres  seemed  to  be  totally,  others  only  partially 
destroyed.  In  the  ulnars  the  degeneration  was  less  evident  than  in 
the  medians.  Indeed  in  the  medians  there  was  hardly  a  single  intact 
bundle  of  fibres. 

The  degeneration  commenced  by  a  swelling  and  contraction  of  the 
axis-cylinder.  The  swollen  portions  then  separated  and  subsequently 
underwent  fatty  degeneration.  The  destruction  was  at  its  extreme 
in  the  smallest  subdivisions  of  the  nerves;  it  ceased  at  a  point 
immediately  below  the  brachial  plexus. 

The  most  likely  explanation  of  the  recovery  which  so  frequently 
takes  place  is  probably  that  the  continuity  of  the  nei-ve  up  to  its  peri- 
pheral distribution  is  re-established  by  the  axis-cylinders  of  the  proximal 
end  being  pushed  into  the  disused  peripheral  part  of  the  sheath. 

These  cases  are  often  without  assignable  cause.  In  some  instances 
the  neuritis  appears  to  be  the  result  of  chronic  alcoholism.  The 
paralysis  following  diphtheria  has  already  been  described  (p.  24) 
as  owing  to  a  peripheral  nerve  affection  of  the  same  kind ;  and  that 
accompanying  lead  and  arsenical  poisoning  seems  to  be  due  to  the 
same  cause.  The  disease  known  as  Kak-Ke  or  Beri-Beri  manifests 
itself  chiefly  as  a  peripheral  neuritis. 
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Raynaud's  Disease  {Symmetrical  Gangrene). 

988.  A  peculiar  disease  now  usually  regarded  as  associated  with 
a  peripheral  neuritis  was  described  a  good  many  years  ago  by 
Raynaud  (see  Bibliog.).  It  is  characterised  by  the  occurrence  of 
patches  of  gangrene  located  with  a  peculiarly  symmetrical  distribution 
upon  the  extremities,  neck,  face,  etc.     The  gangrene  is  so  severe  that 


a.h. 


-  ----  n,b. 


d.b. 


-  d.b. 


Fio.  479.— Cross  Section  op  Part  of  Internal  Plantar  Nerve  from  a  Foot  amputated 
FOR  Raynaud's  Disease  (x50  Diams.) 

icLh.y  d.b.)  Bundles  of  nerve  fibres  in  which  the  nerve  fibres  have  been  partially  destroyed  by 
degeneration.  The  light  parts  are  those  which  have  degenerated.  (n.&.,  ruh.)  Bundles  of  normal 
nerve  fibres ;  (str)  surrounding  fibrous  stroma  with  islands  of  fat  (Weigert's  StainX 


the  toes  or  fingers  may  slough  off.  It  shows  itself  mostly  in  girls  and 
is  seldom  fatal,  even  although  the  sloughs  are  extensive  (Figs.  480,  481). 
In  cases  where  the  nerves  leading  to  the  sloughing  parts  have 
been  examined  (see  Affleck  and  Wiglesworth — Bibliog.)  a  lesion  has 
generally  been  discovered.     Thomson,  who  made  the  examination  in 
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Affleck's  case,  found  evidence  of  neuritis  with  subsequent  fatty 
degeneration  of  many  of  the  nerve  bundles  (Fig.  479).  The  disease  of 
the  nerve  is  supposed  to  influence  the  blood  circulation  locally,  and 
thus  to  deprive  the  parf  of  its  proper  nutrition ;  hence  the  sloughs. 

Literature  on  Diseases  of  Peripheral  Nerves. — Adamldewicz  (Xenre  Bodies  in 
Diseased  Nerves) :  Arch.  f.  Psychiat,  xxL  1889-90,  p.  628.  Big^gs :  N.  Y.  Med. 
Rec.,  xxxi.  1887,  p.  503.  Buzzard:  Lancet,  1885,  li.  pp.  983  et  seq,  Dejerine : 
Arch,  de  physiol.  norm,  et  path.,  iii.  1884,  p.  231.  Duckworth :  St.  Barth.  Hosp. 
Rep.,  xxii.  1886,  p.  253.     Engelmaim  (Degenerations  of  Nerve  Fibres) :  Arch.  f.  d. 

fe.  PhysioL,  xiii.  1876,  p.  474.  Erb:  Cycl.  Pract  Med.  (Ziemssen),  v.  p.  11. 
ulan  (Multiple  Neuritis) :  Berl.  klin.  Wochnschr.,  xxiii.  1886,  p.  179.  Gessler 
(Motor-End-Plate  in) :  Arb.  a,  d.  med.-kliu.  Inst.  d.  k.  Ludwig.  Maximilians-Univ. 
zu  Miinchen,  1890,  ii.  p.  1.  Heller :  Specielle  Path.  u.  Therap.  d.  Krankheiten  d. 
periph.  Nerven,  1879.  Hirt:  Neurol.  Centralbl.,  iiL  1884,  p.  481.  Kast:  Deut 
Arch.  f.  klin.  Med.,  xl.  1886-87,  p.  41.  Leyden:  Deut.  mU.-arztl.  Ztschr.,  xvii. 
1888,  p.  100.  Liiienfeld  (Multiple  Neuritis) :  Berl.  klin.  Wochnschr.,  xxii.  1885, 
p.  727.  Masius  and  Francotte  (Multiple  Neuritis) :  BulL  acad.  roy.  de  med.  de 
Belgique,  xx.  1886,  p.  194.  Oppenheim  (Multiple  Neuritis) :  Ztschr.  f.  klin.  Med., 
xi.  1886,  p.  232.  Oppolzer :  see  Allg.  Wien.  med.  Ztng.  for  1860,  1861,  and  1862. 
Poincar^ :  Le  syst^me  peripheriaue,  etc.,  1877.  Rosenheim  (Acute  Infect.  Mult. 
Neuritis) :  Arch.  f.  Psychiat,  xviii.  1887,  p.  782.  Ross :  Brit.  Med.  Joum.,  1887, 
i.  p.  6 ;  alsoy  Med.  Chronicle,  Manchester,  x.  1889,  p.  265  et  seq.  ;  xi.  1889-90,  p.  1 
et  seq.  ;  xii  1890,  p.  91  et  seq.  Senator  (Neuritis  and  Myositis) :  Ztschr.  t  klin. 
Med.,  XV.  1888,  H.  1  and  2  ;  also,  Reprint.  Starr :  N.  Y.  Med.  Rec.,  xxxi  1887,  pp. 
141,  173.  Stewart:  Edin.  Med.  Joum.,  1881.  Stroebe  (Degeneration  and  Re- 
generation  of  Peripheral  Nerves);  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  xiii.  1893, 

I.  160.     Striimpell:  Arch.  f.  Psychiat,  xiv.  1883,  p.  339.    Wliite:  Trans.  Path. 

ioc.  Lond.,  xxxvii.  1886,  p.  107.  Witkowski :  Arch.  f.  Psychiat,  xviii.  1887, 
p.  809.  Wundt  (Nerves  in  Inflamed  Organs):  Arch.  f.  path.  Anat,  x.  1856, 
p.  404. 

Literature  on  Raynaud^ s  Disease. — Affleck :  Brit  Med.  Joum.,  1888,  iL  p.  1269. 
Fox :  Lancet,  1885,  i.  p.  990.  Friedel :  £in  Fall  v.  synunetrischer  Gangran,  1889. 
Raynaud :  Thesis,  1862  ;  a/w,  Arch.  gen.  de  mM.,  1874,  i.  p.  5  ;  see  Eng.  Transl. 
of  these,  N.  Syd.  Soc.,  1888.  Smith-Shand:  Brit  Med.  Joum.,  1888,  i.  p.  343. 
Starr :  System  of  Practical  Med.  (Pepper).  Stevenson :  Lancet,  1890,  iL  p.  917. 
Thomas  (With  Convulsions  and  Hemoglobinuria):  Johns  Hopkins  Hosp.  Rep., 
Bait,  ii.  1890,  p.  114.  Wiglesworth  (Peripheral  Neuritis  in) :  Trans.  Path.  Soc. 
Lond.,  xxxviii  1887,  p.  61. 

Literature  on  Tumours  of  the  Brain, — Bemhard  :  HimgeschwiUste,  1881. 
Bramwell  (Glioma):  Edin.  Med.  Joum.,  xxxii.  1886-87,  p.  616 ;  also.  Intracranial 
Tumours,  1888.  Buchholz  (Gliomata  of  Cerebral  Cortex) :  Arch.  f.  Psychiat,  xix. 
1888,  p.  591.  Sullen  (Multiple  Sarcomata) :  Joum.  Ment  Sc.,  Lond.,  xxxiii.  1887, 
p.  533.  Coats  (Adenoid  Sarcoma  with  Cartilage  of  Pineal  Gland) :  Trans.  Path. 
Soc.  Lond.,  xxxviiL  1887,  p.  44.  Dalton  (Multiple  Tubercular) :  Trans.  Path.  Soc. 
Lond.,  xl.  1888-89,  p.  20.  Delbano :  Beitriige  zur  Symptomatologie  u.  Diagnostik 
d.  Geschwulste  d.  Pons  Varolii,  1891.  Edes  (T.  of  Thalamus  and  Int  Capsule) : 
N.  Y.  Med.  Rec.,  xxxviL  1890,  p.  578.  Finnv  (Tub.  T.  of  Pons) :  Tr.  Roy.  Acad. 
Med.,  Ireland,  vii.  1889,  p.  318.  Greyes  (Endothelioma  of  d.  Mater) :  Trans.  Path. 
Soc.  Lond.,  xxxviii.  1887,  p.  20.  Griffith  and  Sheldon  (of  Frontal  Lobes) :  Joum. 
Ment.  Sc.,  xxxvi.  1890,  p.  223.  Hafner  (Tubercular):  Berl.  klin.  Wochnschr., 
xxvi.  1889,  p.  694.  Heusser  (Hypophysis  Tumours):  Arch.  f.  path.  Anat.,  ex. 
1887,  p.  9.  Hippel  (Hypophysis  with  Synopsis  of  Lit):  Arch.  f.  path.  Anat, 
cxxvi.  1891,  p.  124.  Hitzig  (Hypertrophy) :  Cycl.  Pract.  Med.  (Ziemssen),  xii. 
1877,  p.  823.  Hun  (Gliomatous  Hypert  of  Pons) :  Med.  News,  Phila.,  li.  1887,  p. 
386.  Kaiser :  Ueb.  d.  Psammome  au  d.  Dura  Mater,  1886.  Ladame :  Himgesch- 
wiilste,  1865.  Leslie  and  Bramwell  (T.  of  Cerebellum) :  Edin.  Med.  Joum., 
xxxii.  1886-87,  p.  591.  Macgregor  (Pons) :  Lancet,  1886,  ii.  p.  1127  ;  also  (of 
Pons),  Lancet,  1889,  i.  p.  1079.  Mott  (Myxo-Fibroma) :  Trans.  Path.  Soc.  Lond., 
xxxviii.  1887,  p.  52.  Nothnagel  (Tumours  in  Region  of  Corp.  Quad.) :  Joum. 
Nerv.  and  Ment  Dis.,  N.  Y.,  xvii.  1890,  p.  248,  Transl.;  Brain,  xii,  1889,  p.  21. 


I 


CHAP.  Lxxxv  LITERATURE  767 

Noyes  and  Dana  (of  4th  Ventricle) :  N.  Y.  Med.  Rec.,  xzxviii.  1890,  p.  94. 
Oppenheim:  Arch.  f.  Psychiat.,  xxi.  1889-90,  pp.  560,  705;  xxii.  1890,  p.  27. 
Osier  (Cholesteatoma  of  3rd  Vent):  Journ.  Nerv.  and  Ment.  Dis.,  N.  Y.,  xiv. 
1887,  p.  657.  Otto  (Hyperplasia  of  Brain  in  form  of  small  Cortical  Tumours) : 
Arch.  f.  path.  Anat.,  ex.  1887,  p.  81.  Pilhet  (Endothelioma  of  D.  Mater) :  Bull. 
See  Anat  de  Par.,  Ixiv.  1889,  p.  189.  Price  (Cholesteatomata  at  Base) :  Trans. 
Path.  Soc.  Lond.,  xxxviii.  1887,  p.  24.  Schultze  (Gliosis  of  Sp.  Cord) :  Arch.  f. 
path.  Anat,  cii.  1885,  p.  435.  Steven  (Multiple  Tubercular):  Brit  Med.  Journ., 
1890,  L  p.  1244.  Taubner  (Brain  Lipoma) :  Arch.  f.  path.  Anat,  ex.  1887,  p.  95. 
Thomi>s<m  (Three  Ceases  of,  in  Frontal  Lobe) :  Med.  News,  Phik.,  IvL  1890,  p.  586. 
Toche:  Etude  sur  deux  cas  d'endoth^liome  du  cervelet,  1888.  Tuke  (Hyper- 
trophy) :  Journ.  Anat  and  Physiol.,  vii.  1873,  p.  257.  Weber  (Hydatid  Cyst  on 
Left  Hemisphere) :  Trans.  Path.  Soc.  Lond.,  xL  1888-89,  p.  17. 

LiUrcUure  on  Recent  Technique  of  Nervous  System. — Beevor  (Staining  Nerv. 
Syst  in  toto):  Brain,  viii.  1885-86,  p.  239.  Blackburn  (Method  of  Preparing 
Brain):  Trans.  Intemat  Med.  Cong.,  ix.,  Wash.,  1887,  iii.  p.  407;  o/so,  Journ. 
Nerv.  and  Ment  Dis.,  N.  Y.,  xvi.  1889,  p.  118.  Bramwell  (Method  of  Preparing 
Large  Sections  of  Brain) :  Brain,  x.  1887-88,  p.  435.  Dogiel  (Impregnation  with 
Methylene  Blue) :  Arch.  f.  mik.  Anat,  xxxiiL  1889,  p.  440.  Feist  (Vital  Methylene 
Blue  Staining):  Aroh.  t  Anat  u.  Entwickelungs-gesch.,  1890,  p.  116.  Flechsis^ 
(New  Staining  Method):  Arch.  f.  Physiol.,  1889,  p.  537.  Freud  (New  Method  of 
studying  Course  of  Nerve  Fibres) :  TraTisl,,  Brain,  vii  1884,  p.  86.  Friedmann  (New 
Modification  of  Weigert's  Staining  Process) :  Neurol.  Centralbl.,  iv.  1885,  p.  135. 
▼an  Gieson  (B;^ume) :  Journ.  Nerv.  and  Ment  Dis.,  N.  Y.,  xiv.  1887,  p.  351.  Gray 
(Modification  of  Weigert's  Method  of  Staining) :  Med.  News,  Phila.,  xlix.  1886,  p.  515. 
Greppin  (Golgi's  Method  of  Staining) :  Arch.  f.  Psychiat.,  xx.  1888,  p.  222 ;  also 
(Golgi's  Method),  Arch.  f.  Anat  u.  Entwicklngs-gesch. ,  Suppl.  Bd.,  1889,  p.  55. 
Kowalewsky (Vital  Action  of  Methylene  Blue):  C)6utralbl.  f.  d.  med.  Wisseusch., 
xxvL  1888,  p.  209.  Lewis:  Quart  Journ.  Mie.  Se.  xvL  1876,  p.  69 ;  also,  Med.  Times 
and  Gaz.,  L  1876,  p.  247;  also.  Brain,  i.  1878,  p.  79;  also,  Ibid.,  p.  348.  Marchi 
(Demonstration  of  Fibres  affected  with  Secondary  Degeneration) :  Rivista  sperimentali 
di  Fremiatria  et  de  medicina  legale,  1887,  p.  208.  Merkel  (New  Method  of  Research ) : 
Arch.  f.  mik.  Anat,  xiv.  1877,  p.  621.  Minor  (Rapid  Hardening  of  Sp.  Cord  by  Elec- 
tricity) :  Neurol.  CentralbL,  ix.  1890,  p.  294.  Pal  (Staining  of  Nerve  Tissue) :  Med. 
Jahrb.  Wien.,  1886, L  p.  619 ;  also,  find.,  1887, ii.  p.  159.  Redfem( Pal- Exner Method) : 
Brit  Med.  Journ.,  1888,  L  p.  642.  Rosenbach  (A  Simple  Method  of  Hardening 
Brain) :  OntralbL  f.  Nerveuh.,  xii.  1889,  p.  164.  Sahli  (Borax-Methylene  Blue  as 
Staining  Reagent) :  Ztschr.  f.  Wissensch.  Mikr.,  ii.  1885,  p.  49.  Sadlcey:  Quart. 
Journ.  Mic.  Sc.,  xvi.  1876,  p.  182.  Starr  (Methods  of  Staming) :  Journ.  Nerv.  and 
Ment  Dis.,  x.  1885,  p.  143.  Weigert  (New  Method  of  Investigation) :  Centralbl. 
f.  d.  med.  Wissensch.,  xx.  1882,  pp.  753,  772.  Welcker  (Two  Aids  to  Demonstra- 
tion) :  Arch.  f.  path.  Anat,  Ixxiv.  1878,  p.  500.  Wilson :  Brooklyn  Med.  Journ., 
iv.  1890,  p.  224. 


General  Literature  on  Pathology  of  the  Nervous  System — 
Text-Books,  etc. 

Andr^ :  Les  nouvelles  maladies  nerveuses,  1892.  Arnold  (Combined  Diseases 
of  the  Tracts  of  the  Cord) :  Arch.  f.  path.  Anat,  cxxviL  1892,  p.  18.  Bab^ 
and  Blocq:  Atlas  der  path.  Histologic  des  Nervensystems,  1  Lief,  1892.  Barr 
(Haemorrhage  into  Pons) :  Lancet,  1890,  i.  p.  751.  JBastian :  Paralysis,  cerebral, 
bulbar,  spinal,  etc.,  1886.  Bramwell  (Apoplexy) :  Edin.  Med.  Journ.,  xxxii.  1886-87, 
p.  248  ;  alsOf  Diseases  of  Sp.  Cord,  1886.  Brown-S^uard  (Lectures) :  Lancet, 
1858,  ii.  p.  1  et  sea,  Bnins  (Pons  Tubercle) :  Neurol.  Centralbl.,  v.  1886,  pp.  151, 
169.  Bruttan :  Bin  Beitrag  z.  Casuistik  d.  centralen  Gliose,  etc.,  1892.  Buzzard  : 
Diseases  of  the  Nervous  System,  1882  ;  also  (Multiple  Paralysis  of  Cranial  Nerves), 
Brain,  xi.  1888-89,  p.  84.  Campbell  and  Turner  (Heterotopia  of  Spinal  Cord) : 
Trans.  Path.  Soc.  Lond.,  xlii.  1890,  p.  20.  Charcot:  Clinical  Lectures,  Diseases  of 
the  Nervous  System,  N.  Syd.  Soc.,  1877-83  ;  also,  CEuvres  completes,  1887.  Collier 
(Cerebral  Haemorrhage  in  Children):  Brit  Med.  Journ.,  1889,  ii.  p.  719.     Critz- 

I :  Essai  sur  syringomyelic,  1892.     Dagonet  (Cylindroma  of  Dura  Mater) :  Arch. 
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de  med.  exper.  et  de  Tanat.  i»ath.,  iv.  1892,  p.  361.  Dana:  Text-Book  of  Nervous 
Diseases,  1892.  Dreschfeld  (Muscular  Atrophies) :  Brain,  viii.  1885-86,  p.  164. 
Drummond  :  Diseases  of  Brain  and  Spinal  Cord,  1883.  Erb  :  Cyclopsedia  of  Pract 
Med.  (Ziemssen),  xiii.  Erlicki  and  Kyballdn  (Combined  System  Diseases) :  Arch, 
f.  Psychiat.,  xvii.  1886,  p.  693.  Etuenburg :  Lehrbuch  d.  Nervenkrankheiten, 
1878.  Fcrrier :  Localisation  of  Cerebral  Disease,  1886.  Galloway  (Syringomyelus) : 
Trans.  Path.  Soc.  Lond.,  xliL  1890-91,  p.  26.  Geigel  (Circulation  within  Brain  and 
its  Disturbances) :  Arch.  f.  path.  Anat,  cxix.  1890,  p.  93  ;  Ibid.j  exxL  1890,  p. 
432  ;  Ibid.,  cxxv.  1891,  p.  92.  Goldstein  (Anatomy,  Physiolo^,  etc.,  of  Cortex) : 
Schmidt's  Jahrb. ,  ccxi.  1886,  p.  73.  Gowers :  A  Manual  of  Diseases  of  the  Ner- 
vous System,  1892  ;  alsOy  Lectures  on  Diagnosis  of  Diseases  of  the  Brain,  1887. 
Gray  :  A  Treatise  on  Nervous  and  Mental  Diseases,  1892.  Hammond  :  A  Treatise 
on  Diseases  of  Ncrv.  Syst,  1886.  Henschen :  Path.  d.  Gehims,  1892.  Herzen 
and  Loewenthal  (Three  Cases  of  Lesion  at  Junction  of  Med.  Ob.  and  Sp.  Cord) : 
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CHAPTER    LXXXVI 

THE   THYROID   GLAND,    SUPRA-RENAL    CAPSULES, 
AND   SPLEEN 

Thyroid  Gland. 

989.  The  thyroid,  like  the  supra-renal  capsules,  the  pituitary 
body,  and  some  other  allied  structures,  is  unprovided  with  a  duct. 
Originally  this  does  not  seem  to  have  been  the  case.  The  central  lobe 
appears  to  have  been  furnished  with  a  duct,  which  opened  on  the 
dorsum  of  the  tongue  at  the  foramen  csecum.  The  lateral  lobes  are 
developed  from  one  (the  fourth)  of  the  branchial  clefts  (Steida,  No. 
608),  and  may  be  regarded  as  having  been  primitively  racemose 
diverticula  of  the  pharynx,  with  alveolar  terminal  pouches.  No  doubt 
their  function  was  that  of  mucus-secreting  organs.  All  trace  of  the 
thyro-glossal  duct  has  usually  vanished  in  Man,  although  now  and 
again  it  remains  persistent  The  middle  lobe  has  dwindled  down  into 
the  isthmus  and  the  occasional  pyramidal  lobe.  The  alveoli  of  the 
lateral  lobes  have  become  shut  sacs,  the  thyroid  vesicles.  These 
vesicles  still  retain  their  glandular  character  in  the  fact  that  they  are 
lined  ^vith  epithelium  and  secrete  an  albuminous  colloid  substance. 
The  secretion,  however,  is  no  longer  poured  into  the  pharynx,  as  it  was 
originally,  but  is  removed  by  the  lymphatics  of  the  organ  and  those 
sun-ounding  it.  If  the  gland  be  squeezed  the  secretion  can  be  forced 
into  these. 

Its  functions  for  long  remained  a  mystery.  It  used  to  l)e  classed 
among  the  blood-forming  glands. 

That  it  takes  any  part  in  regenerating  blood  corpuscles  may  be  doubted. 
Horsley  (No.  6,  1885,  i.  p.  211)  adheres  to  the  view  that  it  does.  He  supi^ses  the 
gland  to  consist  of  two  elements,  the  one  glandular  and  secreting  a  mucoid  substance 
within  highly  vascular  acini,  the  other  made  up  of  vascular  lymphoid  nodules 
having  a  hsematogenous  function.  He  founds  the  notion  of  its  being  a  hcematogenous 
gland  upon  the  fact  that  when  excised  in  animals  decrease  in  the  nimiber  of  coloured 
and  increase  in  that  of  the  colourless  corpuscles  takes  i)lace. 
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This  much  may  be  said  at  the  present  day  regarding  its  functions, 
namely,  that  from  being  supposed  to  be  comparatively  inert  it  has 
grown  to  be  considered  as  of  the  greatest  importance  in  the  main- 
tenance of  health.  It  receives  an  abundant  blood-supply,  a  fact  which 
goes  to  strengthen  this  view. 

The  period  of  greatest  functional  activity  of  the  thyroid,  as  with 
the  supra-renals,  is  in  youth.  It  is  secreting  before  birth,  and  con- 
tinues active  until  the  vital  processes  generally  begin  to  decay.  Its 
artificial  removal  is  attended  by  much  more  serious  consequences  in 
early  youth  than  in  adult  age. 


Effect  of  Removal  of  the  Thyroid  in  the  lower  Animals  and  in  Man. 

Numerous  experiments  made  upon  the  Continent,  and  more  par- 
ticularly those  of  Schiif  (No.  104,  xviii.  1884,  p.  25),  had  proved 
some  years  ago  that  removal  of  the  gland  in  animals  induces  a  peculiar 
train  of  nervous  and  other  symptoms  known  as  the  cachexia 
strumipriva  or  thyroidectomica,  and  characterised  by  mental 
hebetude,  general  nervous  disturbance,  tremors,  paroxysmal  convul- 
sions, functional  paralysis,  and  finally  complete  imbecility.  Horsley 
(No.  6,  1885,  i.  p.  211)  has  repeated  these  experiments  in  this 
country,  and,  in  addition  to  verifying  what  was  alleged  to  occur, 
has  demonstrated  that,  when  the  thyroid  is  excised  in  monkeys, 
an  accumulation  of  mucin  takes  place  in  the  blood  and  in  those 
tissues  which  normally  contain  it ;  that  great  activity  is  noticed  in 
mucin -secreting  glands;  and  that  the  mucin-secreting  power  of  the 
parotid  under  these  circumstances  becomes  augmented. 

The  blood  also  suffers  profound  changes.  These,  as  summarised 
by  Horsley  (No.  6,  1892,  i.  p.  216),  are  as  follows:  {a)  increased 
venosity;  (h)  great  diminution  in  the  amount  of  contained  oxygen, 
which  in  the  arterial  blood  may  fall  below  the  normal  proportion  in 
the  veins ;  (c)  the  presence  of  abnormal  constituents,  and  more  par- 
ticularly mucin  in  the  plasma. 

Respiration,  as  might  be  expected  from  the  state  of  the  blood,  is 
laboured.  This  is  most  likely  caused  by  the  depression  of  the 
respiratory  centre,  owing  t«  the  general  lowering  of  metabolism,  as 
well  as  to  the  direct  toxic  influence  of  the  altered  blood. 

All  flesh-eating  animals  are  subject  to  the  cachexia,  but  the  monkey 
and  Man  more  than  any  others. 

Removal  of  the  thyroid  in  Man  has  been  so  often  resorted  to  of  late 
in  cases  of  goitrous  or  other  disease,  that  its  eflects  are  well  known. 
When  the  removal  is  complete  they  seem  to  correspond  closely  with 
what  has  been  noted  in  animals.  Reverdin  of  Geneva  and  Kocher  of 
Berne  (No.  92,  xxix.  1883,  p.  254)  have  recorded  many  cases  of  this 
kind,  and  in  this  country  a  very  good  description  of  the  usual 
phenomena  which  follow  the  operation  has  been  given  by  Grordon  and 
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Stokes  (see  Bibliog.).  Without  going  into  details,  suffice  it  to  say 
that  they  closely  resemble  those  of  myxoedema  (q.v,). 

It  has  been  attempted  (Fuhr,  No.  104,  xxi.  1886,  p.  387,  and 
others)  to  explain  the  mental  peculiarities  following  excision  of  the 
gland  on  the  supposition  that  the  operation  also  necessitates  the 
removal  of  the  apparatus  (nerves)  for  the  regulation  of  the  blood 
pressure  in  the  brain.  This  theory  has  bee^n  utterly  disproved  by 
later  experience.  The  close  resemblance  between  the  phenomena 
following  excision  of  the  gland  and  those  characteristic  of  myxoedema 
seems  to  point  to  the  thyroid  as  having  the  power  of  removing  or 
destroying  mucin  and  other  products  of  metabolism  which,  if  not  thus 
disposed  of,  tend  to  accumulate  in  different  parts  of  the  body,  and  to 
act  injuriously  upon  it  There  are  two  theories  as  to  how  this  is 
accomplished :  either  that  the  gland  discharges  something  into  the 
circulation  which  is  necessary  for  the  maintenance  of  a  proper  com- 
position of  the  blood ;  or  that  its  secretion  prevents  autointoxication 
by  transforming  the  poisonous  products  of  tissue-change  into  those 
which  are  harmless  and  easily  eliminated,  or  by  neutralising  them. 

That  the  gland  acts  by  destroying  products  of  metabolism  seems 
all  the  more  likely  from  the  fact  that  when,  previous  to  the  removal 
of  the  thyroid,  a  piece  of  thyroid  from  another  animal  is  artijkially 
transplanted  into  the  subcutaneous  tissues,  or  into  the  peritoneal  cavity, 
the  mal-effects  of  removal  of  the  gland,  as  shown  originally  by  Schiff, 
are  warded  off  or  greatly  ameliorated.  The  piece  of  gland,  if  carefully 
transplanted,  becomes  vascularised,  and  if  it  dies  and  is  absorbed  no 
benefit  is  experienced.  Very  much  the  same  influence  is  exerted  by 
the  piece  of  transplanted  thjrroid  as  follows  upon  transplantation  of 
a  piece  of  pancreas  in  an  animal  suffering  from  diabetes  the  result  of 
excision  of  the  pancreas  (Sect.  878). 

Myxoedema. 

990.  Historical. — At  a  meeting  of  the  Clinical  Society  of  London 
the  late  Sir  W.  Gull  (No.  293,  vii.  1879,  p.  180)  described  two  cases 
of  what  he  named  "a  cretinoid  state  supervening  in  adult  life  in 
women."  The  narration  of  these  cases  recalled  to  memory  others 
which  had  come  under  the  observation  of  those  present,  but  whose 
nature  had  not  been  recognised.  Ord  (No.  293,  xiii.  1880,  p.  17) 
subsequently  gave  the  disease  the  name  "  Myxoedema,"  and  showed 
that  the  " mucin-yielding  interstitial  element"  throughout  the  body 
was  everywhere  in  excess.  Since  then  the  disease  has  been  universally 
recognised. 

General  Phenomena. — A  large  proportion  of  cases  occiu*  in  the 
female  sex ;  the  disease,  however,  has  also  been  observed  in  the  male. 
It  is  rarely  that  it  becomes  manifest  before  adult  life  has  been  reached ; 
sometimes,  however,  it  shows  in  infancy  or  early  childhood.  Up  to 
the  time  of  advent  of  the  symptoms  nothing  peculiar  mentally  is 
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noticed  On  the  contrary,  some  of  those  attacked  have  been  bright 
and  intelligent.  The  first  sign  of  the  affection  is  usually  a  swelling  of 
the  face,  more  particularly  of  the  eyelids,  a  swelling  which  is  frequently 
mistaken  for  dropsy  from  kidney  disease.  The  swelling,  however,  does 
not  pit  on  pressure.  So  great  does  it  become  that  a  previously  well- 
visaged  woman  may  become  a  somewhat  hideous  object  to  look  upon. 
The  skin  also  loses  its  natural  lustre  and  becomes  more  or  less  waxlike  ; 
it  may  be  dry  and  scurfy  or  loose  and  wrinkled.  A  bright  rose  spot 
is  often  seen  on  each  cheek. 

The  subcutaneous  swelling  also  affects  other  parts  of  the  body. 
Thus  under  the  chin  and  on  the  hands  there  is  the  same  oedema-like 
appearance,  although  in  these  regions,  as  in  the  face,  the  swollen  part 
does  not  pit  on  pressure.  Gull  descril>ed  the  hand  as  assuming  a 
"  spade-like  '*  appearance.  The  fingers  become  thickened  and  the  skin 
at  the  same  time  harsh  and  dry.  The  extremities  often  show  signs  of 
congestion  and  are  blue  and  cold.  The  tongue  may  be  so  swollen  as 
to  protrude  to  the  half  of  its  extent  from  the  mouth  even  after  death. 

With  the  advent  of  the  subcutaneous  swelling  certain  nervous 
phenomena  supervene.  The  individual  becomes  dull,  listless,  uncon- 
cerned ;  the  expression  is  placid  ;  there  are  signs  of  great  mental  hebe- 
tude; and  the  speech  assumes  a  peculiarly  slow,  monotonous,  and 
deliberate  character,  with  a  certain  amount  of  blurring,  as  if  the 
individual  held  something  in  the  mouth.  Hearing  and  smell  may  be 
impaired,  and  the  individual  be  drowsy  or  inclined  to  sleep.  Symptoms 
of  imbecility  show  themselves  later  on.  It  should  be  noted,  however, 
that  the  nervous  phenomena  are  sometimes  ill  marked  or  absent. 

The  hair  tends  to  fall  off,  specially  along  the  middle  partition  of 
the  head,  and  from  the  axillae,  sometimes  also  from  the  pubes.  The 
denuded  scalp  assumes  a  blanched  scaly  appearance,  or  an  actual 
eczematous  eruption  may  be  found  upon  it 

On  cutting  into  the  tumid  parts  they  are  seen  to  be  occupied  by 
subcutaneous  fat,  which  has  a  peculiarly  bright  yellow  colour  and 
gelatinous  appearance,  reseml)ling  that  of  the  subcutaneous  fat  tissue 
in  the  young  foetus.  The  skin  itself,  so  far  as  one  can  judge  with  the 
naked  eye,  does  not  seem  much  altered.  The  thickening  does  not 
affect  it.  The  body,  generally,  shows  a  considerable  quantity  of  fat 
tissue,  but  otherwise  is  often  poorly  nourished. 

After  death  the  tongue  may  be  found  to  be  double  its  natural 
size.  The  muscle  has  the  grayish-brown  ansemic  aspect  of  the  adductor 
muscles  of  the  thigh,  or  of  the  fiat  muscles  of  the  abdomen  in  tj-phoid 
fever.  The  fil)res  have  also  a  glistening  appearance,  as  if  infiltrate<l 
with  some  gelatinous  substance. 

Small  mucous  cysts  are  occasionally  met  with  upon  the  mucous 
membranes  of  the  cervix  uteri  and  bladder.  The  mucous  membrane 
of  the  stomach  may  be  thickened  and  have  the  same  glassy  appearance 
as  the  other  parts  affected. 

The   supra-renal   capsules   may   be   particularly   small    and 
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shrunken.  On  cutting  into  them  the  whole  interior  will  probably  be 
found  softened,  and  the  gland,  as  in  the  case  of  the  thyroid,  entirely 
destroyed.  Nothing  perhaps  remains  but  the  capsule  and  a  little 
pultaceous  material  of  a  brownish-red  colour. 

Ord  {loc,  cU.)  states  that  he  found  a  massive  thickening  of  the  coats  of  the 
arteries,  more  especially  of  the  tunica  adventitia,  in  the  organs  and  tissues  of  the 
body  generally.  The  nuclei  of  the  adventitia  were  increased  in  number,  and  there 
was  said  to  be  a  diminution  in  the  size  of  the  channel  of  the  vessel.  Everywhere 
the  connective  tissues  approached  in  appearance  the  raucin-yielding  umbilical  cord. 
The  diflBculty  in  regulating  the  muscles  for  combined  movements  so  often  noticed, 
he  believes,  is  probably  caused  by  the  excess  of  mucoid  tissue  lying  around  them. 

The  thyroid,  in  nearly  all  advanced  cases,  has  been  found  wasted, 
so  wasted  as  to  be  almost  unrecognisable.  In  one  instance  of  the 
disease  examined  by  the  author  nothing  but  the  capsule  and  interstitial 
stroma  seemed  to  have  been  left  Sometimes  it  has  been  the  seat  of 
a  new  growth.  Still  it  should  be  remembered  that  instances  of  almost 
complete  destruction  of  the  gland  have  been  recorded  without  symptoms 
of  myxoedema  (see  Hale  White,  No.  6,  1888,  i.  p.  587).  Collateral 
circumstances,  such  as  the  presence  of  accessory  thyroids,  may  perhaps 
account  for  this. 

The  Committee  appointed  by  the  Clinical  Society  of  London  (No.  298,  suppl. 
vol.  1888)  reported  as  the  result  of  the  microscopic  examination  of  the  gland  that  a 
delicate  fibrous  tissue  invades  it  and  replaces  the  gland  tissue  proper.  The  condition 
commences  in  a  small-cell  infiltration  of  the  walls  of  the  vesicles,  and  this  is  soon 
followed  by  proliferation  in  the  vesicles  themselves.  The  vesicles  in  time  vanish  or 
are  represented  by  clumps  of  small  round  cells,  while  the  fibrous  tissue  increases  in 
quantity. 

Treatment  by  Transplantation  and  by  suppl3ring  Thyroid 
Secretion. — The  most  remarkable  circumstance  connected  with  this 
disease  is  the  fact  discovered  of  late  that  it  can  be  ameliorated  or 
eradicated  by  supplying  the  secretion  of  the  thyroid  gland  artificially. 
The  possibility  of  such  a  thing  was  suggested  by  Schiffs  discovery, 
previously  alluded  to  (p.  771),  that  the  disastrous  effects  following 
removal  of  the  thyroid  in  animals  can  be  warded  off  by  the  trans- 
plantation of  a  piece  of  the  gland  from  a  fresh  host. 

Pieces  of  the  gland  from  the  sheep  (see  Gibson's  case,  No.  6,  i. 
1893,  p.  58)  have  been  transplanted  into  the  subcutaneous  areolar 
tissues,  or  have  been  stitched  into  the  wall  of  the  peritoneiun,  with 
the  result  that  they  have  taken  root  and  lived.  In  course  of  time  a 
marked  amelioration  of  the  symptoms,  if  not  a  perfect  recovery  from  the 
disease,  ensued. 

More  lately,  however,  it  has  been  found  that  the  subcutaneous 
injection  of  a  glycerine  extract  of  the  thyroid  of  the  sheep  has  very 
much  the  same  beneficial  effect. 
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The  extract,  according  to  Murray's  receipt  (No.  6,  1891,  il  p.  797), 
is  made  in  the  following  manner  : — 

'"The  lobe  of  the  thyroid  gland  of  a  sheep  is  removed  as  soon  as  possible  after 
the  animal  has  been  killed.  The  surrounding  fat  and  connective  tissue  are  removed 
from  it.  All  the  instruments  and  glass  vessels  used  in  the  further  preparation  of 
the  extract  should. be  either  sterilised  by  heat  or  thoroughly  cleansed  with  a  1  to  20 
solution  of  carbolic  acid.  The  gland  is  cut  up  on  a  glass  dish  into  small  pieces,  and 
then  placed  in  a  test  tube  with  1  cubic  centimetre  of  pure  glycerine  and  1  cubic 
centimetre  of  a  0*5  per  cent  solution  of  carbolic  acid.  The  mouth  of  the  tube  is 
closed  with  a  plug  of  cotton  wool,  and  the  mixture  allowed  to  stand  in  a  cool  place 
for  twenty-four  hours.  The  mixture  is  then  placed  in  a  fine  handkerchief  which 
has  previously  been  placed  for  a  few  minutes  in  boiling  water.  It  is  then  firmly 
squeezed  by  screwing  up  the  handkerchief  so  as  to  express  as  much  liquid  as 
possible  through  the  handkerchief.  By  this  means  3  cubic  centimetres  (50  minims) 
of  a  turbid  pink  liquid  are  obtained.  This  preparation,  which  will  keep  quite  fresh 
for  at  least  a  week,  should  be  kept  in  a  small  bottle  with  a  glass  stopper.  It  is 
best  to  make  the  extract  fresh  each  week,  so  as  to  avoid  any  risk  of  putrefaction 
taking  place.  This  extract  may  be  given  in  two  equal  injections  of  1*5  cubic 
centimetre  (25  minims)  each  during  the  week,  so  that  at  first  the  patient  receives 
the  extract  of  one  lobe  of  a  sheep's  thyroid  in  the  course  of  each  week.  After  a 
time  the  injections  need  not  be  made  so  frequently.  The  injections  are  made  with 
an  ordinary  hypodermic  syringe,  which  is  carefully  washed  out  with  a  1  to  20 
solution  of  carbolic  acid  both  before  and  after  the  injection  is  made.  The  loose 
skin  of  the  back,  between  the  shoulder-blades,  is  a  convenient  situation  in  which  to 
make  the  injection." 

Not  only  may  the  extract  be  introduced  into  the  system  by  subcu- 
taneous injection,  but  it  appears  to  be  also  efficacious  when  exhibited 
pel'  OS.  A  favourable  result  follows,  although  not  with  such  certainty, 
when  the  thyroid,  partially  cooked,  is  used  as  food,  or  when  it  is 
administered  in  the  form  of  powder. 

The  improvement  begins  to  show  itself  soon  after  the  treatment  is 
commenced,  at  first  by  a  diminution  of  the  cellular  tissue  swelling,  and 
later  on  by  an  improvement  in  the  intelligence  and  general  mental 
calibre  of  the  person.  A  fresh  crop  of  hair  shows  itself  on  the  scalp ; 
menstruation,  which  usually  ceases  during  the  progress  of  the  disease, 
returns ;  and  the  general  welfare  of  the  patient  improves  so  much  that 
in  many  cases  a  perfect  recovery  may  be  said  to  have  been  obtained. 
In  other  cases,  although  recovery  may  not  have  been  complete,  so  much 
improvement  has  taken  place  that  the  individual  has  been  enabled  to 
go  about  unguarded  and  to  follow  some  avocation. 

Acromegaly. 

991.  The  disease  "Acromegaly"  (Marie,  No.  521,  xii.  1890,  p. 
59)  bears  a  certain  resemblance  in  many  of  its  phenomena  to  myx- 
oedema,  but  apparently  differs  from  it  in  the  preservation  of  the  thyroid 
gland  and  in  the  absence  of  the  mucoid  infiltration  of  the  tissues.  It 
is,  however,  frequently  mistaken  for  myxoedema.       The  hands  and 
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feet  are  of  huge  dimensions ;  the  nose  and  lower  lip  are  similarly 
enlarged ;  the  tongue  is  very  large,  long,  and  dense ;  and  the  neck  is 
thick-set  and  short. 

The  most  notable  positive  phenomenon  is  the  ^eat  size  of  the  hands 
and  feet.  This  is  acquired  not  congenital  in  its  origin.  The  mental 
functions  are  often  well  preserved.  There  is  an  absence  of  that  mental 
hebetude  so  characteristic  of  myxoedema.     The  patient  later  on  falls 


Fio.  482.— Hand  ok  a  Person  affected  with  Acromegaly. 

into  a  condition  of  progressive  cachexia,  which  requires  his  confinement 
^  bed.  Another  point  by  which  the  disease  can  be  diagnosed  from 
'^yxcedema  is  that  the  bones  of  the  extremities,  and  also  to  a  certain 
extent  those  of  the  skull,  in  this  disease  are  enlarged.  There  is  like- 
^se  an  absence  of  the  "  full-moon  face  "  of  myxcedema,  the  face  as  a 
'^e  being  somewhat  long  and  elliptic  in  form. 

In  all  the  cases  in  which  an  autopsy  has  been  obtained  enlarge- 
ment of  the  pituitary  body  has  been  found,  sometimes  with  persistence 
^^  the   thymus  gland. 
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Endemic  Goitre,  Bronchocele,  or  Struma. 

992.  Definition  of  Terms. — These  terms  are  used  to  designate 
an  enlargement  of  the  thyroid  gland  which  occurs  endemically  in  certain 
districts.  The  term  Goitre  is  probably  a  corruption  of  the  word 
"  guttur,"  the  throat ;  while  that  of  Struma^  although  generally  applied 
to  a  scrofulous  enlargement  of  the  lymph-glands,  has  also  been  employed 
to  designate  a  goitrous  enlargement  of  the  thyroid. 

Distribution. — It  is  not  now  an  affection  which  is  met  with 
endemically  to  any  extent  in  this  country,  but  sporadic  cases  from  time 
to  time  show  themselves.  The  Derbyshire  hills  constituted  a  district 
in  which  formerly  the  disease  was  common,  the  swelling  of  the  thyroid 
being  known  as  the  "  Derbyshire  neck."  It  is  still,  however,  markedly 
endemic  in  the  mountainous  parts  of  Silesia,  Bohemia,  the  Harz, 
Thuringia,  and  in  the  Swiss  Alps.  The  valleys  in  Switzerland  and  the 
Austrian  Alps  are  said  to  be  free  from  it  It  is  also  met  with  in  the 
Himalayan  mountains  and  the  hilly  parts  of  the  Brazils. 

Appearance  of  Gland. — It  may  weigh  several  pounds  and 
become  so  enlarged  as  to  prove  cumbersome.  The  whole  gland,  one 
lobe,  or  the  isthmus  may  be  the  seat  of  the  swelling.  In  the  last 
case  the  swollen  part  hangs  down  as  a  pendulous  tumour. 

On  section,  so  far  as  naked-eye  examination  goes,  the  texture  of 
the  gland  may  not  be  much  altered.  Sometimes  there  are  cysts  within 
it  filled  with  mucoid,  ropy  liquid.  In  certain  parts  fatty  degeneration, 
calcification,  or  haemorrhage  may  have  occurred. 

Microscopic  examination  reveals  the  fact  that  the  tumour  is  com- 
posed of  structures  very  much  like  those  of  health.  Indeed  the  new 
growth  seems  to  be  an  adenomatous  condition  of  the  organ.  The 
vesicles  are  usually  smaller  than  those  of  health  and  much  more 
numerous.  The  new  vesicles  are  pushed  out  from  the  old,  as  in  many 
other  adenomata.  The  quantity  of  colloid  contained  in  them  as  a  rule 
is  less  than  in  many  healthy  glands,  although  sometimes  one  or  more 
become  distended  with  it  to  form  cyst^like  collections. 

Cause. — Very  little  is  known  of  the  cause  of  its  occurring  en- 
demically.    Removal  from  the  district  prevents  it. 

Supernumerary  Goitrous  Thyroid. — Accessory  thyroid  glands 
are  occasionally  met  with.  They  may  become  so  large  as  to  necessitate 
removal.  They  sometimes  lie  in  the  middle  line  instead  of  laterally, 
or  may  be  located  in  the  upper  part  of  the  thorax. 

Cretinism  [Cretina,  a  miserable  creature  (?)  ]. 

993.  The  cretinous  constitution  shows  itself  usually  in  endemic 
goitrous  districts,  but  it  is  to  be  bonie  in  mind  that  cretins,  although 
in  a  large  proportion  of  instances  goitrous,  are  not  always  so.  The 
districts  in  which  it  is  commonest  are  the  Swiss  mountains  and  the 
Pyrenees. 
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It  is  characterised  by  feebleness  of  intellect  or  actual  idiocy, 
accompanied  by  certain  bodily  malformations,  chiefly  the  following : — 
The  head  is  large  and  misshapen,  being  expanded  at  the  sides  and 
flattened  at  the  vertex,  and  presenting  therefore  a  strongly  brachy- 
cephalic  type.  The  cheek-bones  are  high  and  prominent;  the  nose 
flattened  or  sunken,  broad  at  the  root,  and  upturned.  The  interorbital 
space  is  ^ndened,  the  lips  thick,  the  mouth  wide  and  held  open,  the 
tongue  large.  The  individual  is  of  stunted  growth,  with  tumid  belly 
and  coarse  skin.  He  suflers  from  great  muscular  weakness  and  the 
sexual  functions  are  feeble  or  annulled.  The  mental  phenomena  are 
those  of  dulness  of  intellect,  blunting  of  the  senses,  dementia,  or  com- 
plete idiocy. 

Pathology. — The  pathology  of  this  disease,  like  that  of  its  fre- 
quent associate  endemic  goitre,  has  proved  a  complete  mystery. 
According  to  Virchow,  cretins  are  bom  with  the  cartilages  at  the  base 
of  the  skull  ossified,  a  condition  said  to  be  caused  by  excess  of  lime  in 
the  water  of  the  cretinous  districts.  This  has  been  alleged  to  account 
for  the  mentally-deteriorated  state,  but  has  no  perceptible  connection 
with  the  general  habit  of  body.  It  must  therefore  be  regarded  more 
as  an  epiphenomenon  of  the  disease  rather  than  as  having  anything  to 
do  with  its  essential  pathology. 

There  is  a  close  resemblance  between  the  cretinous  condition, 
myxoedema,  and  the  cachexia  strumipriva,  or  that  cachexia  resulting 
from  excision  of  the  thyroid  gland.  Hence  the  question  has  been 
raised  as  to  whether  they  are  not  all  bound  up  with  the  same  cause, 
namely,  loss  in  function  of  the  thyroid  gland. 


FcetcU  Cretinism. 

It  is  now  known  that  the  foetus  is  sometimes  born  a  complete 
cretin.  The  morbid  state  was  formerly  described  as  foetal  rickets. 
The  soft  parts  present  appearances  characteristic  of  myxoedema.  The 
trunk  is  short  and  plump,  and  the  extremities  have  a  stumpy  aspect, 
while  the  bones  are  abortive  and  thick.  The  abdomen  is  prominent, 
and  other  deformities  are  present  somewhat  resembling  those  of 
rickets,  although  not  identical  with  them.  The  disease,  however, 
differs  from  rickets  in  the  fact  that  the  thyroid  gland  either  remains 
undeveloped  or  is  of  rudimentary  dimensions.  The  supposition  is  that 
this  defect  accounts  for  the  cretinous  condition  of  body. 

Exophthalmic  Goitre  (Graves'  Disease), 

994.  Historical. — The  first  distinct  description  of  this  disease 
was  given  by  Graves  in  the  year  1835  (No.  513,  p.  220).  He 
referred  to  three  cases,  all  in  females,  where  violent  and  long-continued 
cardiac  palpitation  was  accompanied  by  swelling  of  the  thyroid  gland. 
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When  the  palpitations  were  violent  the  swelling  of  the  gland  became 
greater.  It  remained  for  Stokes,  however,  in  a  private  letter  to 
Graves,  to  draw  attention  to  the  protrusion  of  the  eyeballs.  Shortly 
after  Graves'  published  observation  the  disease  was  more  systematically 
investigated  at  the  hands  of  the  elder  Begbie,  and  the  numerous  facts 
accumulated  by  him  took  the  shape  of  a  Memoir,  laid  before  the 
Medico-Chinu-gical  Society  of  Edinburgh  (No.  280)  in  the  year 
1849. 

The  disease  about  the  same  time  also  attracted  attention  in 
Germany,  and  was  the  subject  of  a  monograph  by  Basedow  (No.  514, 
1840),  in  which  he  named  the  affection  the  "cachexia  exophthalmica." 
On  this  account  it  is  usually  known  in  Germany  as  "Basedow's 
Disease."  Since  then  numerous  treatises  upon  it  have  appeared, 
among  which  may  be  mentioned  specially  that  of  the  younger  Begbie 
and  of  Trousseau  (see  Bibliog.). 

General  Phenomena. — The  disease  may  be  said  to  be  char- 
acterised by  (1)  palpitation  of  the  heart  with  throbbing  of  the 
cervical  arteries ;  (2)  anaemia ;  (3)  protrusion  of  the  eyeballs ;  and  (4) 
enlargement  of  the  thyroid  gland.  It  is  commonest  in  young  women, 
but  also  occurs  in  the  male  sex.  The  history  of  cases  shows  that 
very  often  the  disease  has  come  on  after  the  individual  has  sustained 
some  nervous  shock,  such  as  a  sudden  fright.  The  symptoms  are 
initiated  by  palpitation  of  the  heart,  and  soon  afterwards  the  thjrroid 
is  noticed  to  increase  in  size.  So  bulky  does  the  gland  become  that 
its  pressure  occasions  a  sensation  of  choking.  The  eyes  next  begin 
to  protrude  to  an  extraordinary  extent,  and  an  anaemic  habit  of  body 
sets  in. 

The  eyeballs  may  protrude  so  much  that  the  points  of  insertion  of 
the  recti  muscles  become  visible,  and  the  individual  experiences  a 
feeling  as  if  they  were  going  to  fall  out.  The  eyelids  fail  to  cover 
the  eyeballs,  and  in  some  cases  ulceration  of  the  cornea  takes  place. 
The  cause,  of  this  extraordinary  dislocation  of  the  eyeballs  has  never 
been  accurately  "^ascertained.  By  some  it  is  said  to  be  owing  to 
vascular  distension ;  by  others  to  accumulation  of  fat  tissue  within 
the  orbit.  The  recti  muscles  have  been  found  fatty  probably  from 
disuse. 

In  a  very  characteristic  case  occurring  in  a  young  woman  which 
came  under  the  author's  notice  the  thyroid  was  enlarged  in  both 
lobes,  but  the  isthmus  remained  of  natural  dimensions.  Each  lobe 
had  a  somewhat  pear  or  leg-of-mutton  shape,  the  broad  end  downwards, 
and  measured  2  ins.  long  by  1  in.  at  its  broadest  part.  The  superior 
thyroid  artery  was  fairly  large  and  slightly  tortuous.  In  general 
appearance  the  gland  did  not  seem  to  be  altered. 

The  thymus  gland  is  sometimes  nearly  as  large  as  the  thyroid, 
or  even  larger.  In  the  above  case  it  was  much  larger,  each  half 
measimng  4 J  ins.  long  by  1  in.  at  its  broadest  part.  The  lower  end 
WU8   the   broader   and    thicker,    so   that   each   half   had   a   striking 
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resemblance  to  a  dog's  tongue.  The  gland  lay  in  close  contact  with 
the  anterior  surface  of  the  arch  of  the  aorta,  and  extended  beyond 
this  for  a  distance  of  2  inches  over  the  pericardium.  The  inferior 
extremity  was  free,  while  the  upper  ended  in  a  tendinous  structure 
attached  to  the  loose  cellular  tissue  around  the  upper  end  of  the 
trachea. 

Pathology. — On  this  subject  we  know  next  to  nothing.  In  the 
great  majority  of  cases  the  heart  is  sound  and  no  lesions  beyond  those 
of  the  parts  mentioned  can  be  recognised.  It  has  been  held  that  the 
sympathetic  is  at  fault,  but  such  a  statement  is  purely  supposititious. 
From  the  fact  that  the  disease  is  often  recovered  from,  it  might  be 
inferred  that  it  is  not  due  to  any  irreparable  organic  mischief.  Green- 
field and  others  have  argued  that  the  symptom  complex  is  the  result 
of  some  irritant  poison  generated  in  the  thyroid. 

The  same  author  (No.  6, 1893,  ii.  p.  1 262)  describes  the  pathological 
alterations  of  the  gland  as  twofold,  namely,  a  proliferation  and  altera- 
tion to  a  columnar  type  of  the  epithelium  lining  the  vesicles,  and  (2) 
the  production  of  an  enormous  number  of  newly-formed  tubular  spaces 
lined  by  a  single  layer  of  cubical  epithelium.  So  marked  is  the  pro- 
liferation of  epitheliiun  that  the  appearance  resembles  that  of  a  cyst- 
adenoma  of  the  ovary. 

Other  Diseases. 

995.  The  thyroid  sometimes  becomes  extremely  vascular,  so  that 
a  cirsoid -aneurismal  or  nxvus-like  dilatation  of  its  arteries 
takes  place. 

Tubercle  is  of  rare  occurrence,  and  the  same  may  be  said  of 
cancer.  A  sarcoma  sometimes  grows  within  its  substance, 
apparently  from  the  interstitial  tissue. 

Literature  on  TTiyroid  Gland  and  My:>'(fdema. — Begfbie  (Exophthalmic  Goitre) : 
Collected  Works,  Syd.  Soc.,  p.  169.  Beresowsky  (Compensatory  Hypertrophy) : 
Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  xii.  1892,  p.  122.  Berry  (Lectures  on  Goitre) : 
Brit.  Med.  Joum.,  1891,  i.  p.  1269  et  seq.  Billroth  and  Lucke :  Deut.  Chiruig., 
Lief,  xxxviii.  Christiani  (Thyroidectomy):  Arch,  de  physiol.  norm,  et  path.,  v. 
1S93,  pp.  39,  164.  Discussion  on  Myxoedema :  Bnt.  Med.  Jonm.,  1883,  ii. 
Gley  (Researches  on  the  Thyroid) :  Arch,  de  physiol.  norm,  et  path.,  iv.  1892, 
p.  311.  Gordon  (Effect  of  Removal):  Brit.  Med.  Journ.,  1886,  ii.  p.  65. 
Graves  (Exophthalmic  Goitre) :  Clinical  Lectures,  Syd.  Soc,  ii.  p.  220.  Gull  (Myx- 
opdema) :  Trans.  Clin.  Soc.  Lond.,  vii.  1879,  p.  'l80.  Hofmeister  (Physiol,  of 
Thyroid):  Fortschr.  d.  Med.,  x.  1892,  pp.  81,  121.  Horsley :  Rep.  to  Committee 
of  Brown  Institution,  1885  ;  a/so,  Brit.  Med.  Journ.,  1885,  i.  p.  211  ;  Ibuf.,  1892,  i. 
jL  216;  also,  Lancet,  1886,  ii.  p.  1163;  also,  Virchow's  Festschrift,  1891  (with 
Historical  References).  Kopp  (Changes  in  Nerv.  System  after  Excision  of  the 
Thyroid  of  Dogs) :  Arch.  f.  path.  Anat.,  cxxviii.  1892,  p.  290.  Langendor£f: 
Arch.  f.  Physiol.,  1889,  Suppl.-Bd.,  p.  218.  Ord  (Myxoedema) :  Med.  Chir.  Trans., 
xliiL  1878;  also.  Trans.  Clin.  Soc.,  xiil  1880,  p.  15.  Report  on  Myxoedema: 
Clinical  Soc.  Lond.  Trans.,  1888.  Stokes  (Effect  of  Removal):  Brit.  Med. 
Joum.,  1886,  ii.  p.  709.  Trousseau:  Clinical  Medicine,  Syd.  Soc,  i.  1867,  p. 
542.  Waldeycr  (Anatomy):  Beri.  klin.  Woc-hnschr.,  xxiv.  1887,  v.  233.  White 
(Myxoedema):  Lancet,  1885,  i.  p.  343;  also  (Variations),  Brit.  Med.  Journ.,  1888, 
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i.  p.  587.  In  addition  to  refs.  given,  see  also  cases  reported  by  Cavafy,  Duckworth, 
Harley,  Lunn,  Nixon,  etc.,  in  the  Trans.  Med.  Chir.  Soc,  Lond.,  and  in  Trans. 
Clin.  Soc.  Lond.  For  general  literatnre  on  treatment  of  Myxtedema  by  supplying 
thyroid  secretion,  consult  Brit.  Med.  Joum.  for  last  three  years. 


Sl'PRA-RENAL   CAPSULES. 

Anatomical  Details. 

996.  The  supra-renals  are  possessed  of  a  cortical  and  a  medullary 
substance.  The  cortex  can  be  divided  into  three  layers,  all  rich  in 
cells.  The  cells  of  the  innermost  layer  contain  pigment.  The 
medulla  is  made  up  of  a  fibrous  stroma  in  which  numerous  nerve 
cells  of  various  shapes  are  embedded.  From  those  which  lie 
l)eripherally  delicate  processes  stretch  into  the  innermost  of  the  three 
cortical  layers.  So  abundant  are  these  nerve  cells  that  the  supra- 
renal bodies  have  been  regarded  as  ganglionic  nerve  centres.  In 
support  of  this  \iew  they  are  known  to  be  closely  bound  up  with 
the  solar  plexus  and  semilunar  ganglia,  and  numerous  nerve  twigs 
from  the  vagus  and  phrenic  pass  into  them.  They  are  prominent 
organs  in  mammals,  birds,  reptiles,  amphibians,  and  fishes. 

Effect  of  BemovaL 

In  Man  they  are  most  developed  at  the  time  of  birth  and  suffer 
decay  in  adult  life,  so  that  in  middle  and  old  age  they  are  very  often 
found  to  consist  simply  of  the  sac-like  fibrous  capsule  of  the  gland 
enclosing  a  little  brown  pultAceous  substance. 

Notwithstanding  this,  however,  recent  experiments  seem  to  point 
to  the  supra-renals  subserving  a  most  important  purpose  in  the 
system.  Abelous  and  Langlois  (No.  94,  iv.  1892,  p.  165)  have 
shown  that  a  fatal  result  follows  when  they  are  destroyed  in  frogs 
by  the  actual  cautery.  The  animals  survive  from  two  to  thirteen 
days  and  suffer  from  muscular  incoordination,  followed  by  paralysis. 
The  blood  of  an  "acapsuled"  frog  when  injected  into  the  blood- 
vessels of  a  sound  frog  induces  the  same  phenomena,  and  a  like 
result  also  ensues  on  the  injection  of  the  blood  of  an  "acapsuled" 
guinea-pig  into  the  circulation  of  the  frog.  Following  out  Bernard's 
well-known  method  of  investigating  the  influence  of  poisons  like 
curare  by  progressively  ligaturing  the  vessels  of  a  limb  before  the 
injection  of  the  poison,  they  have  come  to  the  conclusion  that  the 
action  of  the  blood  of  an  "acapsuled"  animal  resembles  in  its 
poisonous  effects  those  of  cui^re.  There  is  evidently  a  toxic  product 
contained  in  the  blood  which  acts  very  much  as  curare  does,  and 
which  presumably  is  destroyed  in  health  by  something  secreted  by 
the  supra-renal  bodies.  When  these  bodies  are  removed  this  poisonous 
substance  accumulates  in  the  blood  and  induces  the  symptoms  above 
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referred  to.  It  has  been  supposed,  although  without  sufficient  basis 
of  support,  to  be  neurin.  A  piece  of  an  adrenal  cut  off  and  introduced 
into  the  dorsal  lymph-sac  of  an  "  acapsuled "  frog  serves  to  prolong 
its  Ufa 

Addison's  Disease. 

997.  The  supra-renals  gained  most  of  their  early  pathological 
importance  from  the  discovery  made  by  Addison  (No.  510)  that 
their  destniction  is  often  accompanied  by  a  peculiar  disease,  in  which 
pigmentation  of  the  skin  and  sometimes  of  other  parts  of  the  body  is 
one  of  the  most  striking  features. 

General  Phenomena. — The  characteristics  of  this  remarkable 
disease,  as  originally  pointed  out  by  Addison,  are,  firstly,  that  it  is 
essentially  a  form  of  anaemia,  and  secondly,  that  it  is  accompanied 
by  pigmentation  of  the  skin.  The  pigmentation  varies  from  a 
dull  bluish-green  to  a  brown  mulatto  tint,  and  is  most  marked  on  the 
face  and  neck,  the  axillae,  front  of  abdomen,  inner  aspect  of  thighs, 
and  external  genitals.  It  is  also  sometimes  seen  on  the  mucous 
membranes  of  the  lip  and  mouth  and  on  the  mesentery  and  omentum. 
The  sclerotics,  however,  maintain  their  pearly  aspect  even  to  an 
unduly  great  extent.  There  is  also  great  wasting  of  the  body,  and 
a  general  falling  off  in  health  with  indisposition  for  any  exertion 
mental  or  corporeal.  Pain  in  the  epigastrium  and  feeble  heart's 
action  are  often  noticed. 

The  pigmentation  is  sometimes  quite  diffuse ;  at  other  times  there 
are  black  spots  upon  perhaps  a  mulatto-base.  White  patches  may 
alternate  with  areas  of  pigmentation. 

The  Capsules. — These  are  usually  hard,  nodulated,  and  enlarged. 
Sometimes,  however,  the  enlargement  is  not  at  all  evident.  They  arc 
often  extensively  bound  to  neighbouring  organs  by  old  fibrous  union. 
On  section  the  line  of  demarcation  between  cortex  and  medulla  will 
be  found  to  have  vanished.  Several  cheesy  deposits  may  be  seen 
lying  in  their  substance,  some  of  them  not  unfrequently  calcic.  The 
lymph -glands  in  the  neighbourhood  are  usually  swollen  and  the 
solitary  glands  and  Peyer's  patches  of  the  intestine  have  often  been 
found  enlarged.  A  mammillated  condition  of  the  stomach  and 
enlargement  of  the  spleen  are  epiphenomena.  The  matting  together 
of  the  parts  by  the  adhesions  tends  to  involve  the  nerves,  ganglia, 
and  plexuses  in  the  neighbourhood.  It  has  been  stated,  moreover, 
by  Greenhow  (No.  264,  1881,  ii.  p.  69)  that  these  may  Ikj  found 
thickened  from  increase  of  their  neurilemma. 

It  must  not  be  supposed,  however,  that  the  caseous  condition  of 
the  bodies  above  referred  to  is  invariable.  Addison  himself  described 
them  (Case  IV.)  as  sometimes  being  small  and  atrophied,  as  he 
supposed,  from  the  effects  of  inflammation.  And  since  then  numerous 
instances  of  the  occurrence  of  the  disease  in  connection  with  simple 
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wasting  of  the  bodies  have  been  put  on  record  (see  No.  192,  xxxvi. 
1885,  p.  427  et  seq.).  It  has  even  been  asserted  by  Tizzoni  (No.  511, 
xii.  1884,  p.  361)  that  removal  of  the  glands  in  the  rabbit  is  followed 
by  a  brown  pigmentation  of  the  muscles  and  of  the  mucous  membrane 
of  the  nose  and  mouth.  When  one  gland  is  excised  the  pigmentation 
is  mostly  on  the  corresponding  side.  Against  this,  however,  are  to  be 
reckoned  the  experiments  of  Nothnagel  (No.  91,  i.  p.  77),  who 
destroyed  the  capsules  in  153  animals  without  finding  pigmentation 
or  any  other  phenomenon  worthy  of  mention. 

Cancerous  disease  was  also  found  by  Addison  (Cases  VII.  and  VIIL) 
to  occasion  the  pigmentation.  It  does  not  always  do  so,  the  result 
depending  most  likely  upon  the  amount  of  destruction  of  the  glands 
which  ensues. 

Pathology. — The  key  to  the  pathology  of  the  disease  of  course  is  to  be  found  in 
great  part  in  a  right  iaterpretation  of  the  pigmentary  functions  of  the  capsules.  An 
old  notion  (Jaquet,  No.  4,  v.  1878,  p.  390)  which  has  been  revived  by  M*Mann 
(No.  6,  1888,  i.  p.  234)  is  that  their  function  is  mainly  to  break  up  refuse  pigment 
and  to  fit  it  for  being  excreted  by  the  kidneys  or  liver.  As  before  said,  the  supra- 
renals  contain  a  pigment.  This,  according  to  M'Munn,  has  not  as  yet  been  isolated. 
It  gives  the  absorption  bands  of  h^mochromogen  or  reduced  hsematin,  more  especially 
when  taken  from  the  medulla.  On  practically  all  occasions  in  which  he  has  found 
this  pigment  in  the  animal  kingdom  it  has  been  excretory,  and  he  supposes  that  it 
has  the  same  significance  when  present  in  the  adrenals — that  it  is,  in  fact,  evidence 
of  a  downward  metamorphosis  of  worn-out  pigments,  the  haemoglobins  and  histo- 
hsematins.  One  of  the  functions  of  the  supra-renals,  he  supposes,  is  to  pick  out 
effete  pigments  from  the  circulation.  Hence  where  they  are  destroyed  pigmentation 
ought  naturally  to  take  place  from  these  effete  pigments  accumulating  in  the  blood, 
and  some  of  the  incompletely  metabolised  pigment  should  be  present  in  the  urine. 
Such  colouring  matter  he  has  isolated  from  the  urine  in  Addison's  disease,  and 
names  it  urohrematoporphyrin.  The  adrenals,  however,  are  probably  not  alone  in 
this  function.  An  occasional  absence  of  pigmentation  when  they  are  destroyed 
may  be  accounted  for  by  the  pigment  being  metamorphosed  and  removed  through 
other  agencies.  Thus  there  may  be  bronzing  without  disease  of  the  adrenals,  or 
disease  of  the  adrenals  without  bronzing,  because  apparently  the  glands  are  supple- 
mentary organs. 

Another  view  of  the  accumulation  of  pigment  was  held  by  Holmgren  (No.  49, 
1868,  ii.  p.  309),  namely,  that  taurocholic  acid  is  formed  in  abundance  in  the  capsules, 
escapes  into  the  blood,  and  destroys  the  blood  corpuscles.  The  pigment  liberated 
from  the  corpuscles  deposits  itself  in  the  skin.  This  would  explain  the  coexistent 
ansemia  which  is  unaccounted  for  by  the  foregoing  theory. 

The  sympathetic  was  supposed  by  Addison  to  play  an  important  part  in  the 
disease,  and  since  his  time  the  notion  has  gained  many  adherents.  It  is  possible 
that  through  it  the  whole  functions  of  the  gland  might  be  modified.* 

Aqueous  and  alcoholic  extracts  of  the  adrenals  have  a  toxic  effect.  They  are 
like  ptomaines  (Foa  and  Pellacani,  No.  134,  ccx.  1886,  p.  218).  Macmunn,  however 
{loc.  cU.)y  regards  these  as  products  of  destruction  of  the  refuse  proteid  part  of  the 
pigment  in  its  metabolism.  Such  bodies  induce  hyperthermia,  while  the  ptomaines 
mostly  induce  hypothermia.     Hence  he  Is  doubtful  of  their  ptomaine  nature. 

*  For  full  statement  of  evidence  on  this  subject  consult  Kahlden,  No.  13,  cxiv.  1888, 
p.  65. 
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Supernumerary  Adrenals. 

998.  In  many  of  the  lower  animals  the  adrenals  are  multiple.  In 
the  elasmobranchs  they  consist  of  a  double  row  of  bodies  arranged 
segmentally. 

Accessory  adrenals  are  occasionally  met  with  in  Man  (see  Bibliog.), 
the  commonest  site  being  in  the  broad  ligament.  The  accessory 
structure  is  usually  about  the  size  of  a  small  pea.  Its  presence  in 
the  broad  ligament  is  accounted  for  by  the  general  alteration  in 
position  of  the  genito-iuinary  organs,  which  occurs  on  the  approach 
of  extra-uterine  existence. 


Compensatory  Hypertrophy. 

999.  It  is  asserted  by  Stilling  (No.  13,  cx\'iii.  1889,  p.  569)  that 
when  the  one  capsule  is  destroyed  in  rabbits  the  other  hypertrophies. 
It  appears  to  increase  in  size  and  weight,  but  whether  it  really 
hypertrophies  may  as  yet  be  held  in  retentis.  In  this,  as  in  other 
alleged  instances  of  compensatory  hypertrophy,  there  is  a  want  of 
detailed  examination  of  the  enlarged  organ. 


Tumours. 

1000.  The  commonest  of  these  are  cancer,  sarcoma,  blood-cysts, 
etc.  Primary  cancer  of  one  or  of  both  capsules  has  been  frequently 
described.  In  many  of  the  cases,  and  particularly  where  both  have 
been  simultaneously  affected,  other  organs  have  been  implicated,  and 
doubt  may  therefore  be  thrown  upon  its  having  been  primary.  Sar- 
comata sometimes  grow  to  a  great  size.  The  blood-cyst  appears  to 
originate  in  a  haemorrhage  into  a  capsule  already  hollowed  out,  as 
so  frequently  happens,  by  senile  degeneration.  Pigment  crystals 
separate  freely  from  the  effused  blood.  V 

Literature  on  the  Supra-renal  Bodies. — Addison:  On  the  Constitutional  and 
Local  Effects  of  Disease  of  the  Supra-renal  Cai>sule8,  1855.  Alexander  (Researches 
on  Supra-renals  and  Nerv.  Syst.):  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler). 
Averbeck:  Die  Addison'sche  Krankheit,  1869.  Barlow  (A(idison*8  Disease): 
Trans.  Path.  Soc.  Lond.,  xxxvi.  1885,  p.  433.  Burger:  Die  Nebennieren  u.  d. 
Morbus  Addisoni,  1883.  Chiari  (Accessory) :  Zeitsclir.  f.  Heilk.,  v.  1884,  p.  449. 
Coupland:  Trans.  Path.  Soc.,  xxxvi.  1885,  p.  423.  Dagonet  (Path.  Anat.): 
Zeitschr.  f.  Hellk.,  vL  1885,  p.  1.  Discussion  on  Paper  by  Greenhow:  Trans. 
Intemat.  Med.  Cong.  Lond.,  1881,  ii.  p.  51.  Goodhart:  Trans.  Path.  Soc.  Lond., 
xxxiii.  1882,  p.  340.  Greenhow:  Brit.  Med.  Journ.,  1875,  i.  p.  327  et  seq.  Haus- 
mann  (Primary  Cancer  in  Both) :  Berl.  klin.  Wochnschr.,  xiii.  1876,  p.  648. 
Kahlden  (Path.  Anat) :  Arch.  f.  path.  Anat.,  cxiv.  1888,  p.  65.  Macmunn  :  Brit, 
Med.  Journ.,  1888,  i.  p.  233.  Marchand  (Accessory) :  Arcli.  f.  path.  Anat.,  xcii. 
1883,  p.  11.  Saundby :  Brit.  Med.  Journ.,  1883,  i.  p.  50.  Stilline  (Compensatory 
Hypertrophy):  Arch.  f.  path.  Anat.,  cxviii.  IS^9,  p.  569.  Wolff  (Addison's 
Disease):  Berl.  klin.  Wochnschr.,  vi.  1869,  p.  173. 
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The  Splekn. 
Anatomical  and  Physiological  Details. 

1001.  On  the  vexed  question  of  how  the  blood  passes  from  the 
splenic  artery  into  the  splenic  vein  there  are  chiefly  two  views.  The 
first  is  that  the  terminal  branches  of  the  artery  open  directly  into 
the  splenic  sinuses  and  thence  into  the  veins.  The  second  is  that  the 
terminal  off*shoots  open  first  into  the  sponge-like  network  of  the  pulp, 
that  the  blood-corpuscles  are  thus  retarded  in  their  progress  onwards, 
and  that  from  the  meshes  of  the  pulp  network  they  penetrate  by 
minute  apertures  into  the  sinuses,  while  these  again  are  continuous 
with  the  veins.  Of  the  two,  the  latter  is  much  the  more  deserving  of 
acceptance.  And  the  reasons  for  this  are  mainly  the  fact  that  the 
pulp  is  extremely  porous ;  that  it  is  impossible  to  trace  by  methods  of 
injection,  staining  by  silver,  or  otherwise,  any  direct  connection 
between  the  arteries  and  veins  ;  and  that,  when  the  organ  is  engorged 
with  blood,  the  pulp  interspaces  become  distended  therewith.  £%!- 
dence  is  also  afforded  by  the  study  of  the  spleen  in  waxy  disease 
strongly  favouring  the  latter  notion.  It  is,  accordingly,  the  view 
which  will  be  taken  of  the  structure  of  the  organ  in  what  follows. 

The  splenic  sinuses  are  very  delicate  spaces  of  irregular  shai>e, 
which  in  the  healthy  spleen  are  seen  with  difficulty,  but  which  become 
much  more  evident  in  certain  morbid  conditions.  They  are  lined 
with  endothelium,  which  is  continuous  with  that  of  the  veins.  They 
are,  in  fact,  small  cistern-like  cavities  which  subserve  the  purpose  of 
collecting  the  blood  from  the  pulp  before  it  starts  on  its  passage 
through  the  venous  channels.  Distinct  apertures  can  be  seen  between 
their  endothelial  plates  in  conditions  of  engorgement  of  the  pulp 
reticulum,  and  it  is  through  these  apparently  that  the  blood-corpuscles 
make  their  way  in  passing  from  the  one  into  the  other. 

The  blood,  on  account  of  its  diffusion  throughout  the  pulp,  is 
hindered  in  its  course  from  the  arteries  to  the  veins,  and  seeing  that 
the  blood-corj^uscles  undergo  profound  alterations  in  the  spleen,  there 
appears  to  be  a  purpose  in  this  arrangement,  just  as  in  the  case  of 
the  circulation  within  the  red  bone  marrow  (vol.  i.  p.  489). 

The  essential  circulation  through  the  spleen,  it  must  be  borne  in 
mind,  therefore,  is  without  capillaries.  The  sinuses  appear  to  be 
their  homologue.  It  must  not  be  forgotten,  however,  that  this  is  true 
only  so  far  as  regards  what  may  be  called  the  physiological  circulation 
through  the  organ.  Within  and  around  the  Malpighian  bodies,  the 
muscular  trabeculte,  and  capsule  there  are  true  capillaries  which 
apparently  are  independent  of  the  pulp  circulation.  There  are 
indeed,  so  to  speak,  two  circulations  in  the  organ,  the  one  prolwibly 
bound  up  with  its  blood-forming  functions,  the  other  concerned  with 
the  maintenance  of  the  structure  of  its  various  jwirts. 
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The  organ  contains  much  unstriated  muscular  tissue  in  its  capsule 
and  trabecule,  and  pulsates  rhythmically  and  independently  of  the 
pulsations  of  the  heart  (Roy). 

Venous  Engorgement. 

1002.  In  conditions  of  embarrassed  circulation,  such  as  that 
resulting  from  valvular  disease  of  the  heart,  the  spleen  becomes  altered 
in  texture  and  general  appearance.  It  increases  in  size  and  becomes 
particularly  hard  and  elastic.  The  capsule  has  a  deep  blue  or  purple 
colour,  and  on  section  the  spleen  substance  is  seen  to  be  almost 
perfectly  black  from  venous  hyperaemia.  The  colour  becomes  brighter 
red  on  exposure,  the  cut  edges  are  sharp  and  well  defined,  and  very 
little  blood  can  be  squeezed  out  from  the  organ.  The  Malpighian 
bodies  may  be  well  defined  or  not.  As  a  rule  they  are  distinctly 
enough  seen. 

The  pulp  and  sinuses  are  packed  with  blood-corpuscles,  and  this 
accounts  for  the  elastic  resilience  felt  on  handling  it.  The  muscle  of 
the  trabeculae  is  sometimes  a  little  hypertrophied,  but  there  does  not 
usually  appear  to  be  any  deposition  of  new  fibrous  tissue  nor  of 
blood  pigment. 

The  Wax-like  Spleen. 

1003.  There  are  two  varieties  of  this  disease,  differing  according 
to  the  parts  implicated.  The  one  is  known  as  the  "  Sago  Spleen,"  the 
other  is  the  "Diffuse  wax-like  Spleen."  The  former  is  by  far  the 
commoner  of  the  two. 

The  Sago  Spleen, 

The  organ  is  somewhat  enlarged  and  increased  in  weight  (7-10 
ounces)  and  consistence,  but  in  none  of  these  respects  to  so  great  a 
degree  as  in  the  diffuse  form  of  the  disease.  The  capsule  is  somewhat 
stretched,  but  not  to  the  extent  of  its  being  attenuated.  On  section, 
the  cut  edges  are  sharp,  the  surface  dry.  The  Malpighian  bodies  are 
enlarged,  prominent,  and  have  the  peculiar  lustre  of  masses  of  boiled 
sago.  They  are  in  reality  almost  colourless,  but,  against  the  splenic 
pulp  which  always  retains  its  colour,  they  appear  dark  red  or  almost 
black.  When  the  disease  is  at  all  advanced  they  do  not  present  a  gray 
tint  If,  however,  the  infiltration  of  the  Malpighian  body  with  the 
amyloid  is  only  partial,  a  certain  amount  of  its  natural  gray  tint  may 
still  remain. 

On  staining  with  iodine  the  enlarged  Malpighian  bodies  alone  are 
the  parts  which  seem,  so  far  as  naked-eye  examination  is  concerned,  to 
give  the  brown  reaction. 

Examined  mia'oscopicalhjy  in  the  unstained  condition  these  Mal- 
pighian bodies  are  seen  to  be  from  three  to  four  times  their  average  size ; 

VOL.  II  3  e 


786  THE  SPLEEN  part  m 

they  have  a  remarkable  translucency  and  a  sharp  well-defined  border. 
The  artery  in  their  midst  is  usually  waxy,  but  not  always  so.  The 
remainder  of  the  organ  does  not  appear  to  be  much  altered,  but  when 
stained  with  gentian- violet  some  of  the  branches  of  the  small  arteries 
entering  the  pulp  give  the  pink  reaction  along  with  occasional 
localised  deposits  of  the  waxy  in  their  vicinity.  The  greater  part  of 
the  pulp,  however,  remains  of  a  slate  blue  or  purple  colour,  showing 
that  the  waxy  disease  has  not  extended  to  it. 

In  many  cases  the  infiltration  of  the  Malpighian  body  is  incom- 


w.  n.b. 


Fig.  483. — Sago  Spleen  (xSODiams.) 

{w.nuh.)  Waxy  Malpighian  body  ;  ('«)  Piuall  artery  in  the  splenic  pulp  surroundeil  by  the_^raxy 
(Gentian-violet  and  Farrants'  Sol.) 

plete,  and  in  these  there  is  a  chance  of  studying  where  the  amyloid  is 
derived  from.  It  is  often  a.sserted  that  the  small  round  cells  of  the 
Malpighian  body  degenerate  into  it,  and  certainly  there  are  appearances 
which  at  first  sight  seem  to  favour  the  view.  With  gentian-violet  the 
leucocytes  stain  blue,  the  waxy  pink ;  and  these  blue  leucocytes  are 
often  found  adhering  to  the  pink  masses  of  waxy  in  such  a  manner  as  to 
make  it  appear  as  if  they  were  their  source.  Such  appearances,  how- 
ever, are  deceptive.  If  due  care  be  adopted  in  the  examination,  it 
will  be  found  that  here  as  elsewhere  the  disease  presents  the  characters 
of  an  infiltration — an  infiltration  of  an  albuminous  substance  derived 
from  the  blood — into  the  interstices  of  the  stroma  constituting  the 
groundwork  of  the  Malpighian  body. 
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Diffuse  JFaxy  Spleen. 

1004.  This,  as  aforesaid,  is  larger,  heavier,  and  firmer  than  the 
"  sago  "  variety.  So  firm  is  it  that  it  has  the  feeling  of  a  waxy  liver. 
It  is  also  comparatively  anaemic,  but,  like  the  waxy  spleen  in  any 
form,  the  pallor  is  never  so  great  as  in  other  organs.  The  cut  surface 
is  particularly  dry  and  is  not  differentiated  by  sago-like  masses.  It 
presents  the  uniform  dry  lustre  of  a  wax  model.  The  Malpighian 
bodies  may  be  present,  but  are  not  waxy,  or  only  very  partially  so. 
More  constantly  they  are  entirely  absent.    The  stain  given  with  iodine, 


Fio.  484.— DiKFUSE  Waxy  Spleen  (xr>0  Diams.) 

(c)  Capsule  with  a  muscular  trabecula  (0  running  inwards  from  it  {m.h.)  Mali)ighian  body, 
somewhat  enlarged  but  not  waxy ;  (wi.fe.o.)  another  of  the  same  witli  a  waxy  artery  in  its  midst ;  («) 
sinusea  of  the  splenic  pulj^,  each  with  its  wall  inttltrated  with  the  waxy.  The  dark  shading  of  their 
walls  corresponds  to  the  pink  reaction  (Gentian-violet). 

when  seen  with  the  naked  eye,  is  quite  diffuse  -,    the  whole  pulp 
substance  is  equally  coloured  of  a  dark  brown  tint. 

The  chief  seat  of  deposit  of  the  amyloid  is  in  the  walls  of  the 
splenic  sinuses,  which,  instead  of  being  structures  indistinctly 
visible  on  account  of  their  extreme  delicacy,  are  now  readily  recog- 
nised with  a  magnifying  power  of  fifty  diameters.  The  wall  is 
infiltrated  either  throughout  its  entire  extent  or  only  on  one  side, 
and  gives  a  brilliant  pink  colour  when  stained  with  gentian-violet. 
The  cavities  of  the  sinuses  are  usually  empty  and  dilated,  but  if 
there  happens  to  be  a  little  blood  contained  in  them,  it  gives  a  blue 
colour,  not  a  pink  reaction.  The  endothelium  lining  the  sinuses  is 
often  retained  and  also  colours  blue. 
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In  severe  cases  the  greater  part  of  the  reticular  tissue  is  similarly 
infiltrated,  so  that  the  pulp  substance  may  show  a  universal  pink 
stain.  The  small  arteries  are  invariably  waxy ;  but  both  in  this  and 
in  the  "  sago  "  variety  the  muscular  trabeculse  and  the  capsule  remain 
free  from  infiltration,  unless  where  a  waxy  vessel  runs  through  either 
of  them  or  lies  in  their  neighbourhood.  The  immediate  surroundings, 
under  such  circumstances,  usually  give  a  slight  pink  reaction. 

Tubercle. 

1 005.  The  spleen  is  a  common  seat  of  tubercle  when  the  disease  takes 
the  form  of  a  general  miliary  eruption.  There  is  no  such  thing  known 
as  phthisis  of  the  spleen  in  the  sense  in  which  the  term  is  employed 
in  reference  to  the  lung,  kidney,  or  testicle,  the  reason  being  that  the 
spleen  is  unprovided  with  epithelial-clad  ducts. 

The  nodules  vary  in  size  from  a  millet  seed,  or  smaller,  up  to  a 
pea  or  hazel  nut.  When  they  reach  the  latter  dimension  the  nodule 
will  be  found  on  microscopic  examination  to  be  an  agglomeration  of 
several  smaller  masses.  Even  when  they  are  microscopic  objects  they 
will  be  found  to  show  evidence  of  incipient  caseation,  and  when  they 
become  perceptible  to  the  naked  eye  they  derive  a  distinctly  yellow 
colour  and  dry  consistence  from  this  cause.  They  frequently  calcify, 
and  sometimes  so  generally  that  every  nodule  within  the  organ  may 
be  found  converted  into  a  stone-like  mass.  Curiously  this  may  happen 
in  the  spleen  to  the  exclusion  of  other  organs  which  may  be  simul- 
taneously tubercular.  They  sometimes  soften  and  cicatrise,  but  do 
not  tend  to  become  excavated. 

The  giant-cells  are  usually  abundant  in  the  nodules,  but  a  complete 
reticulum  is  seldom  encountered.  The  tubercle  bacillus  is  often 
difficult  to  demonstrate. 

In  the  case  of  the  horse,  tubercle  of  the  spleen  sometimes  takes 
the  form  of  a  huge  sarcoma-like  mass  many  pounds  in  weight  and  con- 
taining the  bacillus  abundantly. 

SypHiLmc  Spleen — Perisplenitis. 

Where  there  is  evidence  of  abdominal  syphilis,  the  surrounding 
adhesions  will  usually  be  found  to  implicate  the  spleen.  Gummata  and 
the  cicatrices  resulting  from  them  may  occasion  considerable  deformity 
of  the  organ,  and  they  are  accompanied  by  thickening  of  the  capsule. 
The  lesions  assume  the  character  of  a  perisplenitis  more  than  that  of 
an  inflammation  of  the  organ  itself. 

There  is  a  form  of  thickening  of  the  capsule  met  with 
pretty  often,  which  is  peculiar  in  so  far  as  it  gives  rise  to  an 
appearance  as  if  melted  tallow  had  been  poured  over  the  surface  and 
been  allowed  to  consolidate.     The  thickening  is  caused  simply  by  a 
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fibrous  deposit.  The  commencement  of  the  disease  is  probably  a 
precipitation  of  fibrinous  lymph  on  the  capsule ;  this  subsequently 
becomes  organised.  The  spleen,  however,  need  not  be  adherent  to 
neighbouring  parts.  The  disease  may  possibly  in  some  cases  be  a 
syphilitic  affection. 

Baumgarten  (Xo.  13,  xcvii  1884,  p.  21)  describes  a  form  of  miliary  eruption  in 
the  spleen  almost  identical  with  tubercle,  but  which,  he  says,  is  syphilitic.  So  close 
does  the  drawing  he  gives  of  it  resemble  tubercle  that  it  would  require  even  more 
convincing  evidence  than  he  adduces  to  entirely  discredit  the  possibility  of  its  being 
snch. 

Cavernous  Tumour. 

1006.  Sometimes  the  entire  spleen  becomes  swollen  and  engorged. 
From  a  dilatation  of  its  blood  channels  it  may  pulsate  like  an  aneurism. 
In  a  case  of  this  kind  described  by  Langhans  (No.  13,  Ixxv.  1879,  p. 
273)  angeiomatous  masses  were  also  found  in  the  liver.  The  spleen 
in  that  case  >vas  23  ctm.  long,  15  ctm.  broad,  and  10*5  ctm.  thick. 


Cancer, 

1007.  Secondary  cancer  of  the  spleen  is  common  enough,  and  it 
has  been  alleged  that  primary  cancer  has  been  met  with.  Notta  (No. 
107,  1886,  i.  p.  166)  has  collected  all  the  supposed  cases  together, 
some  ten  in  all,  and  himself  believes  in  its  occurrence.  On  reading 
over  the  records  of  the  cases,  however,  the  e^^dence  upon  which  the 
diagnosis  of  a  true  primary  epithelial  tumour  was  based  is,  to  say  the 
least  of  it,  meagre.  The  only  conceivable  manner  in  which  such  a 
tumour  might  originate  would  be  by  some  embryological  epithelial 
remnant  such  as  a  dermoid  having  got  included  in  the  splenic  tissue. 


Sarcoma  and  Lymph  adenoma. 

1008.  Primary  sarcomata  undoubtedly  grow  from  the  organ. 
Lymphadenomata  in  the  human  subject  are  almost  always  secondary. 
The  primary  yellow  tumours  formerly  described  as  such  generally  turn 
out  to  be  tubercle. 

Ague  Spleen. 

1 009.  The  spleen  in  malarious  disease  becomes  much  enlarged  and 
peculiarly  brittle,  so  that  a  slight  blow  will  serve  to  rupture  it.  When 
in  this  swollen  and  brittle  state  the  term  "  ague  cake  "  is  applied  to  it. 
In  chronic  cases  the  organ  becomes  tougher,  owing  to  a  diffuse  cirrhosis 
of  its  texture. 

Common  as  the  malarious  spleen  is,  yet,  curiously,  the  literature 
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on  the  subject  of  the  cause  of  the  enlargement  is  meagre.  It  is  prob- 
able, however,  that,  in  the  first  instance,  it  is  due  to  accumulated 
leucocytes,  while  later  on  the  lesion  assumes  the  character  of  a  diflfuse 
fine  cirrhosis. 

The  malarious  spleen  is  also  ireqwently  pigmenied.  The  pigment  is 
black  and  gives  to  the  organ  as  a  whole  a  peculiarly  leaden  tint.  The 
particles  are  small,  black,  and  irregular  in  shape.  The  liver  as  a  rule 
is  simultaneously  pigmented,  and  lines  of  pigmentation  are  seen  in  the 
peritoneum.    " 

(For  fiu-ther  particulars  consult  Malaria  and  Pigmentation  of 
Liver.) 

Typhoid  Spleen. 

1010.  The  organ  is  swollen,  soft,  anaemic,  and  pulpy,  but  beyond 
this  not  much  is  known  of  its  condition. 

For  description  of  the  Leucocythxmic  Spleen  and  Infarction 
see  the  respective  titles.  For  that  of  the  blood-forming  properties  of 
the  organ  see  Blood.     Supernumerary  Spleens,  see  Malformations, 

Literature  on  the  Spleen. — Baumgarten  (Miliary  Syphilis) :  Arch.  f.  path.  Anat., 
xcvii.  1884,  i)p.  21,  3(5.  Fleming  (Abscess) :  Med.  Reg.,  Phila.,  v.  1889,  p.  201. 
Griffini  (Partial  Reproduction) :  Arch,  per  le  sc.  med.  Torino,  Ti.  1882,  p.  812. 
Grig^orescu  (Circulation,  Healthy  and  Diseased) :  Compt.  rcnd.  Soc  de  bioL,  iii. 
1886,  p.  501.  Langhans  (Cavernous  Tumour) :  Arch.  f.  path.  Anat.,  Ixxv.  1879, 
p.  273.  Malinin  (Physiol,  and  Pathol.) :  Arch.  f.  path.  Anat,  cxv.  1889,  p.  303. 
Neumann  (Charcot's  Crjstals) :  Arch.  f.  path.  Anat.,  cxvi.  1889,  p.  324.  Notta 
(Primary  Cancer) :  Arch.  gh\.  d.  med.,  1886,  i.  p.  166.  Roy  (Causes  of  Rupture)  : 
Indian  Med.  Gaz.,  xxi.  1886,  p.  235.  Sokoloff  (Venous  Hyperwmia) :  Arch.  f. 
l)ath.  Anat,  exii.  1888,  p.  209.  Stilling:  Arch.  f.  path.  Anat,  ciii.  1886,  p.  15  ; 
sec  also  Leucocythfemia. 


CHAPTER    LXXXVII 
THE  MAMMA 

Xormal  Stincture, 

1011.  General  Structure. — The  human  mamma  may  be  regarded 
not  as  a  single  gland  but  rather  as  an  aggregation  of  from  fifteen  to 
twenty  separate  glands,  each  opening  on  the  nipple  by  an  independent 
orifice.  These  glands  consist  of  a  duct  emulging  externally  into  a  sac- 
like cistern  in  the  nipple  and  dividing  internally  in  a  dichotomous 
manner  into  acinous  or  berry-like  extremities.  The  acini  in  the  virgin 
gland  are  lined  by  a  double  row  of  epithelial  cells.  The  deep  row  is 
somewhat  rounded,  while  the  superficial  is  more  or  less  conical  and 
becomes  columnar  as  the  ducts  are  approached.  The  epithelium  is 
undoubtedly  supported  by  a  memhrami  propria.  The  structure  of 
this  membrane  was  described  originally  by  Henle  (No.  512,  ii.  p.  46), 
afterwards  in  health  and  disease  by  Langhans  (Xo.  13,  Iviii.  1873,  p. 
132).  It  is  composed  of  a  homogeneous-looking  connective  tissue  con- 
tinuous with  that  of  the  gknd  generally.  The  individual  segments 
of  the  gland  are  bound  together  by  a  peculiarly  coarse  variety  of 
fibrous  tissue,  whose  bundles  are  so  loosely  interwoven  that  numerous 
spaces  are  left  between  infiltrated  with  fat.  Surrounding  the  bundles 
is  a  peculiarly  rich  network  of  lymphatics,  most  of  which  ulti- 
mately drain  into  the  axillary  g^lands.  Blood-vessels  are  also 
abundant. 

In  a  microscopic  section  of  the  virgin  gland  the  acini  are  seen  to  be 
arranged  in  groups  of  four  to  six  or  more,  and  the  gi'oups  are  separated 
widely  by  the  surrounding  connective  tissue.  Each  group  is  enve- 
loped concentrically  by  the  connective  tissue,  and  hence  is  demarcated 
from  surrounding  parts.  The  epithelium  of  the  acini  is  comparatively 
ill  developed,  and  contrasts  in  a  marked  manner  with  that  seen  in 
cancer  and  other  epithelial  diseases. 

Liability  to  Tumour  Disease. — Seeing  that  the  gland  is  pro- 
vided with  so  abundant  a  fibrous  stroma,  with  so  rich  a  lympathic 
supply,  and  with  epithelial-clad  acini  and  duct^?,  it  might  be  expected 
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naturally  to  be  a  seat  of  tumour  disease.  There  is  another  cause,  how- 
ever, which  predisposes  it  to  such,  namely,  Us  ^reat  instoMity,  Secret- 
ing milk  at  the  time  of  birth,  lying  latent  till  puberty,  undergoing 
evolution  at  that  periotl,  being  the  subject  of  unusual  activity  during 
lactation,  and  again  passing  into  a  state  of  involution  during  old  age, 
it  can  hardly  be  a  matter  of  surprise  that  it  is  a  frequent  seat  of 
tumours  of  various  kinds.  And  when  we  consider  that  during  many 
of  these  phases  of  its  life  history  the  epithelial  investment  becomes 


F;o.  -{So.— Normal  Viih.in  Mamma  from  a  Woman  aboj  t  Twisty  Yeaus  ok  Ahe 

(X6()   DlAMS.) 

(a)  Group  of  acini  and  ducts  ;  {h)  surroun<liMg  coarse  stroma  ;  (r)  fat  tissue  lying  in  the  stroma 
(P»T(»smic  acid  ami  Farrants'  Sol.) 

profoundly  modified,  it  can  be  understood  why  so  many  of  the  new 
growths  found  in  it  assume  an  epithelial  type. 


Mastodynia  (/xoo-tos,  the  breast;  68vv7],  pain). 

1012.  Neuralgic  pain  in  the  female  mamma  is  of  common  occurrence 
in  adult  life.  It  is  often  associated  >vith  disease  of  the  uterus,  and 
when  this  is  so  the  pain  is  located  more  in  the  left  than  in  the  right 
organ.  As  the  glands  begin  to  enlarge  at  the  age  of  puberty  they 
sometimes  become  excessively  painful,  but  this  differs  from  the  fore 
going  pain  in  being  elicited  mostly  when  the  mammse  are  handled  or 
when  pressed  upon  by  other  means. 
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The  Lactaung  Mamma. 

1013.  During  lactation  the  gland  becomes  large  and  prominent. 
The  enlargement  is  due  to  two  causes,  first  and  chiefly,  to  increase  in 
the  gland  tissue,  and  second,  to  augmented  blood-supply. 

This  increase  in  gland  tissue,  from  a  pathological  point  of  ^^ew,  is 
very  instructive.     "Whereas  in  the  virgin  gland  groups  of  acini  are 


KiG.  480.— Lactating  Mamma  from  a  Woman  Two  Weeks  Delivrked  (x50  Diams.) 

(rt,  a)  Acini  with  fatty  epithelium.  The  acini  are  much  more  numerous  than  in  the  virgin 
gland  ;  the  oil  globales  are  blackened  by  the  perosmicacid  ;  (b)  surrounding  stroma  with  contained 
fat,  also  blackened  by  the  perosmic  acid  (Perosmic  acid  and  Farrants'  Sol.) 


seen  only  here  and  there  throughout  the  section,  in  the  lactating 
mamma  the  greater  part  of  the  section  is  taken  up  by  them.  The  new 
acini  appear  to  be  formed  by  finger-glove-like  protrusions  from  the  old. 
The  channels  of  the  original  acini  are  also  widened  and  the  epithelium 
altered  in  character.  In  place  of  being  a  double  layer  in  many  acini, 
it  seems  to  become  single.     The  cells  have  lost  their  conical  shape  and 
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have  become  more  round  or  cubical.  It  looks,  in  fact,  as  if  the  super- 
ficial conical  layer  had  vanished  and  the  deep  round-cell  layer  had  become 
more  prominent.  Nearly  every  cell  contains  one  or  more  globules  of 
oil.  These  vary  in  size,  and  in  most  cases  seem  to  escape  into  the 
channel  without  destroying  the  epithelium.  In  some  parte,  however, 
the  cells  are  seen  to  become  loosened  and  detached,  and  subsequently  to 
suffer  granular  disintegration. 


Polythelia  and  Polymastia  (ttoAus,  mani/ ;  B-qXt],  the  nipple  ; 
fwxrTos,  the  breast), 

1014.  Accessory  nipples  without  mammary  gland  and  accessory 
nipples  with  mammary  gland  are  met  with  in  both  sexes.  Their  site 
is  usually  the  front  of  the  abdomen,  but  they  have  also  been  found  in 
the  axilla  or  on  the  back ;  it  has  even  been  asserted  that  they  occur  in 
the  inguinal  region,  but  the  assertion  is  probably  founded  upon  an 
error  of  observation.  WTien  located  upon  the  abdomen  they  are 
usually  symmetriail,  and  are  arranged  in  a  pei^pendicular  line  below 
the  normally-developed  glands.  Sometimes,  however,  there  are  four 
well -developed  mammae  arising  in  couples  from  a  common  base. 
At  other  times  the  mammae  appear  to  be  normal,  with  the  exception 
of  a  supernumerary  nipple  on  the  lower  border  of  the  base  of  each. 

The  condition  of  polymastia  is  evidently  a  reversion  to  an 
ancestral  type  where  the  glands  have  been  multiple.  As  mentioned 
imder  "Dermoid  Cysts  of  the  Ovary"  (p.  438),  a  fully-developed 
mammary  gland  and  nipple  have  been  found  in  one  of  these  peculiar 
structures.  Their  presence  in  such  a  situation  is  difficult  to  account 
for. 

Absence  of  one  or  both  mammae  is  of  very  rare  occurrence. 


Hypertrophy. 

1015.  The  difference  in  size  of  the  breaste  in  women  varies,  and  is 
usually  the  result  of  a  greater  or  less  development  of  the  intervening 
connective  tissue  and  fat.  In  some  cases,  over  and  above  this,  there 
appears  to  be  an  excess  of  gland  tissue — a  true  macromastia  or 
hypertrophy.  The  glands  in  such  a  case  become  so  hea\-y  and 
pendulous  that  amputation  has  been  resorted  to  for  relief. 


Mastitis. 

1016.  Inflammation  of  the  breast  often  ensues  from  injury  or  lacta- 
tion. In  the  latter  case  it  tends  to  terminate  in  suppuration,  and  the 
abscess  is  situated  sometimes  in  the  embedding  connective  tissue,  at  other 
times  it  also  involves  the  gland  structiu-es.     The  abscess  may  open  and 
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leave  a  fistula.     Occasionally  these   fistulae   arise   from  a  tubercular 
source,  or  they  may  become  tubercular  from  exposure. 

Neoplasms. 

1017.  Their  Classification. — There  are  two  great  div-isions  of 
the  tumour  diseases  found  in  the  mammary  gland,  namely,  into  those 
springing  from  the  epithelium  and  those  taking  migin  from  the  connective 
tissue.  To  the  former  class  belong  the  adenomas  and  cancers,  and  to 
the  latter  the  fibrous  tumours,  the  sarcomata,  etc.  From  a  develop- 
mental point  of  view  the  mamma  may  be  regarded  as  an  integu- 
mentary gland.  Its  essential  secreting  structures  are  derived  from  a 
series  of  involutions  of  the  embryonic  integument.  The  epithelial 
cells,  however,  like  those  of  the  sebaceous  and  sweat  glands,  lose  their 
tesselated  character,  and  apparently  never  revert  to  it  even  in  the 
various  epithelial  growths  of  the  organ. 

Their  Diagnosis. — From  the  fact  that  certain  tumours  spring 
from  the  connective  stroma,  while  others  are  to  be  traced  to  the  gland 
elements,  the  simplest  microscopic  examination  is  often  sufficient  for 
their  diagnosis.  For  where  the  new  growth  has  arisen  from  the 
interacinous  tissue  the  acini  will  be  found  usually  to  be  preserved  or 
to  have  suffered  merely  from  the  pressure  of  the  tumour  which  lies 
between  them.  While  in  the  case  of  its  having  sprung  primarily 
from  the  gland  elements,  these  are  either  destroyed  (cancer)  or  are 
brought  into  unduly  great  prominence  by  being  overloaded  with 
cells  (adenoma).  Hence  in  the  diagnosis  of  any  mammary  tumour 
microscopically,  the  presence  or  absence  and  the  general  condition  of  the 
mammary  acini  and  ducts  ought  to  be  first  ascertained.  If  they  are 
entirely  or  in  great  part  absent  from  the  tumour,  the  presumption  is 
that  the  new  growth  is  cancerous.  If  they  are  present  and  are 
packed  with  epithelium  and  deformed  in  outline,  the  presumption  is  in 
favour  of  an  adenoma.  And  if  they  are  present,  but  in  a  state  of 
dilatation,  without  great  epithelial  excess,  or  if  they  are  suffering  from 
atrophy  while  the  interacinous  tissue  is  peculiarly  dense  and  abundant, 
opinion  ought  to  incline  to  its  being  of  connective  tissue  type — 
most  likely  either  a  sarcoma  or  a  fibrous  tumour.^ 

The  state  of  the  nipple  is  always  a  matter  of  importance  in 
the  differential  recognition  of  mammary  tumours.  In  the  virgin,  the 
section  of  the  gland  presents  the  appearance  represented  diagram- 
matically  in  Fig.  512,  A,  taken  from  a  frozen  section.  The  nipple 
protrudes  only  very  slightly  above  the  surface.  In  the  parous  woman, 
and  of  course  more  particularly  in  the  woman  who  is  suckling,  it  is 
protuberant. 

*  The  microscopic  examination  of  any  tumour  of  the  breast  should  first  and 
chiefly  be  made  with  a  low  power  (50  Dianis.).  A  general  scan  of  a  section  of 
the  growth  under  such  an  amplification  when  the  above  points  are  attended  to  will 
yield  more  information  than  any  other  form  of  inspection. 
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(1)  Sarcoma  of  Mamnut. 

1018.  This  tumour  usually  grows  rapidly,  so  that  by  the  time  the 
patient  presents  herself  for  examination  the  neoplasm  has  reached  a 
great  size,  and  is  often  several  pounds  in  weight. 

It  seems  to  involve  the  greater  part  of  the  gland,  and  bulges 
forwards  in  a  mass  of  lobulated  swellings.  The  skin  is  tightly 
stretched  over  it,  and  the  superficial  veins  \vill  probably  be  found 
engorged. 
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Fio.  487.— Cystic  Sarcoma  ok  thb  Mamma  (xSOO  Diams.) 

(».^,  8.t.)  Spindle-cell  sarcoma  tissue  ;  (c.o,,  ecu)  cystic  acini  and  ducts  (Carmine,  Glacial  ace^c  add, 

and  Glycerine  jelly). 

The  nipple  lies  on  the  siu'face,  but  is  outstretched  and  flattened 
from  the  great  bulk  of  the  tumour  underneath  (Fig.  512,  C). 

On  section,  the  tumour  presents  the  homogeneous  appearance  of 
an  ordinary  sarcoma,  but  in  its  substance  are  usually  niunbers  of 
cysts  containing  thin  milk,  or  a  thick  gelatinous  colloid  mass.  Seeing 
that  the  type  of  sarcomatous  growth  in  the  mamma  is  usually  spindle- 
cell,  the  consistence  of  the  tumour  is  tough  and  elastic  In  cases, 
however,  where   the  tumoiu*   is   of    the   round  -  cell   variety,  a  rare 
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occurrence,  it  may  be  so  soft  as  to  break  down  under  slight  pres- 
sure. 

The  skin  is  seen  on  section  to  be  much  attenuated ;  the  tumour 
presses  directly  upon  it,  but  does  not  involve  it.  Sometimes  it  gives 
way,  and  a  fungating  mass  may  then  protrude  composed  of  sarcoma- 
tous granulation  tissue. 

Throughout  the  whole  tumour  there  is  an  almost  complete 
absence  of  the  mammary  fat.  Even  microscopically  hardly  a  fat 
cell  is  to  be  seen  anywhere.  The  contrast  between  such  a  tumour  and 
the  cancer  of  the  breast,  in  which  islands  of  fat  are  almost  always 
bound  up  with  the  tumour  substance,  is  worthy  of  note  from  a  diagnostic 
point  of  view. 

The  oval -shaped  nuclei  of  the  spindle -cell  tissue  of  which  the 
tumour  consists  usually  stain  brilliantly  with  nuclear  staining 
reagents.  The  cells  are  seen  to  run  in  bundles  which  surroimd  the 
gland  acini  and  ducts.  The  proper  stroma  of  the  gland  has  entirely 
vanished.  The  gland  elements  will  sometimes  be  found  of  natural 
size,  or  even  partially  atrophied,  but  more  often  they  are  irregularly 
dilated  so  as  to  form  various-sized  cystic  cavities.  They  are  often 
invested  with  a  double  or  triple  epithelial  covering,  some  of  the  cells 
of  which  may  have  fallen  into  the  cavity.  Within  many  of  the 
dilated  acini  a  quantity  of  granular  matter  is  often  seen. 

The  occurrence  of  these  cysts  is  to  be  explained  most  likely  upon 
the  theory  of  retained  secretion.  The  tumour  grows  insidiously  and 
invades  the  gland  by  degrees.  It  gradually  supplants  the  proper 
intertubular  stroma  by  its  own  special  type  of  cell.  In  doing  so  it 
surrounds  portions  of  the  tubular  apparatus  of  the  mamma,  and  leaves 
others  comparatively  free.  At  the  same  time  it  appears  to  excite  the 
epithelium  of  the  acini  to  secrete  milk  or  colloid,  which,  not  finding  a 
free  outlet,  accumulates  and  causes  distension  where  the  pressure  of 
the  tumour  mass  is  least.  In  coui'se  of  time,  however,  the  invasion  of 
the  tumour  becomes  universal,  and  then  the  cysts  are  found  lying  in 
the  interior  ofrthe  new  mass. 

Occasionally,  but  rarely,  these  tumours  have  melanotic  tendencies 
especially  in  the  lower  animals,  and  particularly  in  the  bitch.  More 
commonly  in  Man  they  become  the  subject  of  myxomatous  degeneration. 


(2)  Fibroma, 

This  is  usually  a  single  tumour ;  sometimes,  however,  it  is  double, 
triple,  or  multiple;  and  it  may  happen  that  both  mammae  contain 
them  simultaneously.  Whereas  the  sarcoma  tends  to  infiltrate  the 
gland  more  and  more,  owing  to  its  excessive  activity,  this  tumour 
grows  usually  only  to  the  size  of  a  filbert  or  a  walnut,  and  then 
becomes  stationary.  So  that  while  the  sarcoma  may  be  regarded, 
so  to  speak,  as  a  tumour  or  swelling  of  the  mamma,  this  may  be 
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described  appropriately  as  a  tumour  in  the  mamma.  It  is  a  little 
sharply-defined,  hard,  and  isolated  mass,  somewhat  deeply  seated 
as  a  rule  and  not  adherent  to  the  skin.  The  nipple  usually  remains 
unaffected  by  it  (Fig.  512,  B). 

Examined  jnicroscopimllj/,  the  tumour  mass,  if  young,  will  be  found 
to  consist  of  a  highly  nucleated  fibrous  deposit,  encircling  the  gland 
acini  in  all  directions  and  strangling  them.      Indeed  some  of  these 
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Fui.  488.— Fibrous  Tumour  of  the  Mamma  (xSOO  Diams.) 

(«)  Fibrous  tissue  of  the  new  gnjwth  much  finer  than  that  of  the  nonnal  breast,  and  devoid 
of  fat :  (h,  b)  enclosed  acini  (Picro-canuine  and  Farrants'  Sol.) 


tumours  are  so  highly  nucleated  that  it  is  just  a  question  whether 
they  should  be  called  fibrous  tumours  or  sarcomata.  When  the  growth 
becomes  quiescent  the  tumour  tissue  assumes  a  more  coarsely  fibrous 
texture,  and  the  nuclei  or  nucleated  fibro-blasts  almost  entirely  vanish. 
The  fibrous  tissue  now  contracts  and  induces  atrophy  of  the  enclosed 
gland  elements.  The  epithelial  cells  become  small,  shrivelled,  and 
granular,   very  much   as   the  epithelium  of  the  kidney  tubes   does 
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under   similar   circumstances.       Many    of   the   acini   are   ultimately 
destroyed. 

CjrstS  are  not  so  common  in  this  tumour  disease  as  in  sarcoma, 
although  occasiomilly  they  may  be  seen.  The  reason  for  their  non- 
appearance seems  to  reside  in  the  fact  that  the  fibrous  tissue  contracts 
so  forcibly  as  to  destroy  everything  within  its  grasp.  In  the  cystic 
sarcoma   the   tumour,  on  the  contrary,  spreads  between    the   gland 


Fio.  489.— Fibrous  Tumour  ok  the  Mamma,  with  Elonoated  Gland  Acini  arramjkd  in  a 
Reticular  Manner  (x&O  Diams.) 

(a,  o)  The  elongated  acini ;  (&)  the  new  fibrous  substance  of  the  tumour  (Logwxxl,  Picric  acid, 

and  Farrants'  Sol.) 


elements  without  contracting,  and  hence  presses  unequally  upon  the 
gland  elements. 

This  tumour  as  a  rule  is  benign,  and  can  be  excised  locally  without 
recurring.  There  are  cases  on  record,  however,  where  a  tumour, 
passive  in  its  tendencies  and  evidently  of  this  kind,  has  suddenly 
burst  out  into  embryonic  activity  and  assumed  sarcomatous  characters. 
It  sometimes  becomes  myxomatous. 
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(3)  Adenoma. 

1019.  A  fibrous  tumour  is  often  diagnosed  as  an  adenoma.  The 
two  tumours  are  of  course  quite  different.  In  the  fibrous  tumour, 
although  gland  elements  are  included,  they  suffer  atrophy,  while  in 
the  adenoma  their  increase  in  number  and  size  is  the  essential  feature 
of  the  disease. 

The  tumour  in  its  pui'ely  adenomatous  phase  is  sharply  circum- 
scribed, and  lies  embedded  in  the  gland  tissue.  The  border  is 
defined,  and  the  substance  has  almost  the  hard  consistence  of  a 
cancer.  In  fact  the  tumour  looks  extremely  like  a  cancer,  with  the 
exception  that  it  is  more  circumscribed  and  has  a  more  regiUarly 
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Fiu.  4iK).— Adenoma  of  the  Mamma  (x50  Diams.) 

(«)  Noniial  acinus ;  (6,  6)  acini  <liMtem1e<i  with  epithelium,  and  with  secoiuiary  acini  in  their 
midst ;  (c)  surrounding  stroma  of  the  gland  (Logwooil  and  Farrants'  Sol.) 

rounded  shape.  There  are  sometimes  several  of  them  in  one  gland. 
It  appears  to  have  little  influence  upon  the  nipple,  and  does  not  tead 
to  become  adherent  to  the  skin.  There  is  a  great  inclination  to  its 
becoming  cancerous,  so  that  actually  one  part  of  a  breast  may  show 
the  characters  of  an  adenoma  while  another  is  distinctly  cancerous. 

Examined  microscopical! i/,  the  glandular  character  of  the  tumour  is 
its  special  feature.  Huge  tuberose  acini,  or,  more  properly,  spaces 
filled  with  growing  epithelium,  abut  closely  upon  one  another,  while 
the  intervening  stroma  seems  progressively  to  recede.  The  epithelium 
is  polygonal  in  type,  and  appears  to  be  moulded  into  shape  by  the 


CHAP.  LXXXVII 


NEOPLASMS 


801 


pressure  from  neighbouring  cells.      Sometimes  within  the  distended 
acini  it  rearranges  itself  into  tube-like  or  acinous  structures. 

This  tumour,  as  aforesaid,  frequently  passes  into  a  cancer.  The 
manner  in  which  this  occurs  has  been  previously  described  (vol.  i.  p. 
403).  It  should  be  remembered,  however,  that  tumours  alleged  to  be 
adenomata  sometimes  disappear  spontaneously.  There  is  always 
doubt,  however,  as  to  what  such  evanescent  tumours  have  been. 


(4)  Carcinoma. 

1020.  Cancer  of  the  mamma  may  be  said  practically  to  be  always 
of  the  hard  or  scirrhous  type.  It  commences  as  a  rule  somewhat 
deeply  in  the  gland,  and  grows  up  towards  the  skin,  but  never,  so  far 


Fio.  608.— Camkr  of  Mamma  (x45()  Diamb.) 
(a)  The  epithelial  cells  ;  (b)  the  Htroma  (Picro-cannine). 


as  the  author  has  seen,  implicates  its  epithelium — that  is  to  say,  in  the 
sense  of  the  latter  taking  on  a  cancerous  action.  The  skin  in  course 
of  time  may  become  adherent  to  the  tumour  and  ulcerate,  but  the 
epithelium  of  the  new  growth  and  that  of  the  integument  never  seem 
to  coalesce. 

The  edge  of  the  neoplasm,  as  felt  through  the  skin,  is  not  so 
distinct  as  in  the  case  of  the  connective  tissue  tumours.  The  mass 
appears  to  spread  out  more  irregularly  than  these  growths  do.  The 
nipple  is  often  retracted.  When  so,  it  will  be  found  that  the  tumour 
immediately  underlies  and  is  adherent  to  it. 

On  section  the  growth  will  be  found  to  consist  of  a  central  mass, 
from  which  processes  generally  radiate  in  a  stellate  manner  into  the 
neighbouring  fat  of  the  gland.  The  central  mass  is  very  hard,  feels  in 
some  cases  like  a  dense  cicatrix,  or  even  like  cartilage,  and  cuts  with 
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a  crunching  sensation  like  that  experienced  in  cutting  through  a  raw 
potato.  It  has  a  pinkish  colour,  and  minute  yellow  fatty  spots  are 
generally  seen  upon  its  surface.  The  processes  in  piercing  into  the 
neighbouring  fat  cause  its  absorption.  Little  islands  of  fat  are  enclosed 
and  in  course  of  time  disposed  of  (Fig.  512,  D). 

Although  these  processes  are  very  characteristic  of  cancer  of  the 
breast,  yet  it  ought  to  be  borne  in  mind  that  occasionally  the  border  of 
the  tumour  is  comparatively  regular,  like  that  of  an  adenoma.  Indeed 
without  microscopic  examination  in  these  cases  it  is  impossible  to  say 
whether  we  have  to  do  with  the  one  or  the  other. 

The  ulceration  may  commence  at  any  part  of  the  overlying  skin. 
Sometimes  it  shows  first  in  the  areola  and  remains  circumscribed 
to  it. 

All  these  tumours  contain  much  fibrous  stroma,  and  this  having 
an  inherent  tendency  to  contract,  the  tumour,  instead  of  causing  a 
protrusion,  may  bring  about  a  shrinking  of  the  parts.  To  such 
the  term  atrophic  cancer  is  sometimes  applied. 

When  the  tumour  has  been  allowed  to  go  on  growing  without  any 
attempt  at  removal,  or  when  it  has  recurred  possibly  several  times,  after 
removal,  a  crop  of  secondary  nodular  growths  may  develop  in  the 
neighbouring  skin  and  immediately  subjacent  tissues  so  extensive  that 
the  whole  of  the  front  of  the  chest  may  become  covered  with  them. 

The  axillary  glands  early  become  infected,  and  the  structure 
of  the  new  growth  in  them  is  identical  with  that  of  the  original 
neoplasm. 

Examined  microscopically  with  a  low  magnifying  power,  the  most 
striking  feature,  if  the  section  be  taken  from  the  centre  of  the  tumour, 
is  the  paucity  or  absence  of  gland  elements.  A  section  of  a  duct  may 
occasionally  be  seen  embedded  in  the  cancer  tissue,  but  in  many 
preparations  not  even  such  a  remnant  of  the  mammary  structure 
remains.  This  is  accounted  for,  at  the  point  of  origin  of  the  tumour 
at  any  rate,  by  the  transformation  of  the  gland  acini  into  the  cancer 
structure  (vol.  i.  p.  403). 

Granted  that  this  is  so,  how  is  it  that  the  remainder  of  the  gland 
disappears?  We  must  admit  either  that  the  epithelium  of  other 
portions  of  the  gland  becomes  cancerously  infected  from  the  primary 
focus,  or  that  their  destruction  is  the  result  of  atrophy  and  absorption 
from  the  ingrowth  of  the  actively  growing  cancer  mass  among  the 
gland  ducts  and  their  terminations.  The  latter  seems  to  be  the 
more  likely  explanation,  for  the  neighbourhood  of  a  duct  or  an  acinus 
is  sometimes  seen  to  become  invaded  by  cancer  without  any  preliminary 
distension  of  the  channels  of  these  structures  with  epithelium.  The 
only  alteration  within  the  gland  elements  under  such  circumstances 
appears  to  be  of  a  retrogressive,  not  of  a  progressive  character.  The 
disease  seems  to  start  evidently  within  one  of  the  fifteen  to  twenty 
separate  glands  of  which  the  mamma  consists,  and  to  be  confined 
to  this  in  the  adenomatous  stage       But  after  the  epithelium  has 
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escaped  into  the  surrounding  stroma  it  ramifies  through  all  the 
mammary  lymph  spaces,  distends  them,  and  thus  converts  them  into 
the  alveoli  of  the  tumour. 

The  stroma  is  often  extremely  fine  and  the  meshes  small.  It 
differs  from  the  fibrous  tissue  of  the  healthy  gland  in  its  peculiar 
fineness.  In  some  old  cancers,  more  especially  such  as  have  undergone 
fatty  degeneration,  no  doubt,  it  may  be  coarser,  but  even  in  these  it 
has  not  the  same  characters  as  that  of  the  normal  gland.  It  is 
also  more  highly  nucleated,  and  many  fibroblasts  may  be  met  with  in 
it  The  stroma  of  the  tumour  is  not  merely  the  fibrous  tissue  of  the 
gland,  but  that  tissue  in  a  state  of  proliferation. 

The  cells  of  the  tumour  always  possess  certain  definite 
characteristics.  They  are  spheroidal  or  polygonal  according  to  the 
pressure  exerted  upon  them,  and  contain  one  or  more  large  nuclei. 
They  are  aggregated  in  angular  alveoli  or  stretched  out  in  single 
rows  into  tube -like  spaces  within  the  surrounding  stroma.  This 
tubular  sort  of  arrangement  is  peculiarly  characteristic  of  mammary 
cancer.  They  sometimes  become  faiUj;  more  rarely  they  undergo 
colloid  degeneration.  The  stroma,  when  either  of  these  occurrences  takes 
place,  is  left  dissected  out. 

(For  description  of  the  transformation  from  the  adenomatous  to  the 
cancerous  stage  of  the  tumour,  see  vol.  i.  p.  403.) 

Pagefs  Disease  of  the  Nipple. — In  the  year  1884  Paget 
(No.  437,  X.  p.  87)  drew  attention  to  a  peculiar  affection  of  the  skin 
of  the  nipple  and  areola  which  often  precedes  the  appearance  of  a 
mammary  cancer.  He  compared  the  disease  to  what  would  be  termed 
in  dermatology  "chronic  eczema,"  "psoriasis,"  or  something  of  this 
kind. 

It  rarely  shows  itself  before  the  age  of  forty  years,  and,  affecting 
the  parts  at  first  superficially,  is  followed  by  a  cancerous  infiltration 
of  the  gland  in  from  two  to  six  years  afterwards.  The  disease  is 
almost  always  unilateral,  and  usually  commences  by  the  formation  of 
small  crusts  or  horny  accretions,  which  on  being  removed  show  an 
underlying  rosy  red  basis — it  may  be  a  little  ulceration,  or  even  a 
fissure  or  two.  Elsewhere  the  lesion  asserts  itself  as  an  erythematous 
or  slightly  scaly  affection  of  the  skin.  In  course  of  time  this  may 
also  become  ulcerated,  granular,  and  cracked.  The  disease  is  dis- 
tinguishable, however,  from  ordinary  eczema  by  the  condition  of  the 
border,  which  is  sharply  demarcated  from  the  healthy  skin  and  is 
raised  up  into  a  pale,  rosy,  cushion-like  pad.  The  nipple  tends  to 
become  retracted  and  the  disease  spreads  successively  farther  and 
farther  outwards. 

Thin  held  (No.  192,  xxxii.  1881,  p.  218)  that  the  affection  is  neither  an  eczema 
nor  any  known  specific  skin  disease,  but  "  a  destructive  dermatitis  of  the  papillary 
layer,"  and  he  supposes  that  it  is  induced  by  a  cancerous  affection  of  the  lactiferous 
ducts— a  so-called  duct  cancer — close  by  their  exit  ui)on  the  nipple.  The  morbid 
ducts  throw  out  a  secretion  which  induces  the  skin  affection  in  question.     Wlietlier 
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the  appearances  he  figures  {e.g.  Fig.  4)  can  be  regarded  as  those  even  of  incipient 
cancer  may  be  o[)en  to  question.  They  closely  resemble  desquamative  or  catarrhal 
conditions  met  with  in  the  ducts  under  other  circumstances. 

Wickham  (No.  519)  confirms  Thin's  observation  of  the  ducts  being  filled  with 
proliferating  epithelium,  but  takes  the  view  that  the  affection  is  essentially  a  para- 
sitical one,  due  to  the  presence  of  psoroHpermia. 

In    two   papers   presented   to   the   Soci^te   de   biologie^    Darier 
described  how  he  had  found  psorospermia  in  the  epithelial  cells  of 


Fio.  r»Ot».— Paoet's  Diseahk  of  the  Nipple  (x300  Diams.) 

(o)  Superficial  sIicmUHiij;  epidennis  ;  (6)  deep  layer  of  same,  with  vacuolated  cells  (psorosiJenns'C?), 
c,  c)  contained  iu  the  interpapillary  processes ;  {d)  half-niyxoniatous-looking  papillary  layer  of  the 
cutis  vera  ;  (<■)  deei)er  layer  of  the  true  skin  infiltrated  with  small  round  cells  (Picro-cannine  and 
Farrants'  Sol.) 


the  epidermis  of  the  parts  alfected  by  this  disease,  and  traced  the 
condition  of  the  skin  to  a  parasitical  origin.    "  In  this  country  Hutchin- 
son jun.  (No.  192,  xli.  1890,  p.  214)  confirmed  Darier's  observation. 
These  psorospermia  are  referred  by  Leuckart  to  the  animal  king- 

^  See  Bulletin  medical  of  April  17,  1889,  and  also  the  Comptes  rendus  of  the 
Congres  international  de  Dermatologie,  seance  of  8th  August  1889.  A  good  account 
of  this  and  other  matters  connected  with  the  disease  is  to  be  found  in  Wickham's  work 
already  referred  to. 
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dom,  and  are  looked  upon  by  him  as  protozoa.  They  are  unicellular 
organisms,  and  are  found  within  vacuoles  in  the  interior  of  epidermic 
cells.  ^ 

According  to  Wickhara,  the  epithelial  cells  which  contain  them  proliferate,  the 
epidermis  thickens,  the  ducts  of  the  glands  become  filled  and  engorged  by  the 
proliferation  of  their  epithelium  consequent  upon  the  presence  of  the  psorospennia. 
The  process  is  accompanied  by  inflammation.  The  duct  finally  bursts,  the  contained 
epithelium  escapes  into  the  connective  tissues  of  the  gland,  and  a  cancer  results. 
The  new  epithelium  meanwhile  continues  to  harbour  the  organisms  in  question. 

These  bodies  are  found  not  only  in  the  epithelium  of  the 
eczematous  nipple  and  areola,  but  also  later  on  in  that  of  the 
cancerous  tumour.  Hence,  although  nothing  definitely  is  as  yet 
known  of  their  significance,  they  are  supposed  to  be  in  some  way 
intimately  related  with  this  and  other  forms  of  cancerous  disease. 

It  should  be  mentioned  that  this  pseudo-eczematous  affection  of 
the  skin  as  a  precursor  of  cancer  is  not  confined  to  the  neighbourhood 
of  the  mamma,  but  has  been  found  in  other  situations  such  as  the 
scrotum  and  penis. 

(5)  Multiple  Colloid  Tumour. 

1021.  There  is  a  peculiar  gelatinous  or  colloid  tumour  disease  of 
the  female  mamma  in  which  the  tumours  are  multiple.  They  are 
situated  deeply  in  the  gland,  are  usually  about  the  size  of  a  hazel 
nut,  and  have  a  fairly  distinct  border.  When  examined  micro- 
scopically it  is  evdent  that  they  are  intra-  not  interglandular  forma- 
tions. They  consist  of  groups  of  acini  distended  with  a  homogeneous 
colloid  substance.  The  epithelium  lining  the  acinus  seems  to  have 
become  almost  entirely  converted  into  colloid.  The  history  of 
tumours  presumably  of  this  type  is  that,  if  left  alone  or  subjected  to 
graduated  pressure,  they  disappear. 


(6)  Cariilafjimus  and  Osseotui  Tumours, 

1022.  These  have  been  alleged  to  grow  in  connection  with  the 
gland,  but  they  are  so  rare  that  they  may  almost  be  put  out  of  account. 


(7)  Ci/st^. 

1023.  When  any  obstruction  occurs  in  the  course  of  a  mammary 
duct  the  portion  behind  is  liable  to  become  cystic.  As  previously 
described  (Sect.  1018),  such  cysts  are  common  in  all  the  connective 
tissue  tumour  diseases  of  the  gland.  They  also  occur  where  there  is 
no  such  neoplasm. 

^  See  **  Auimal  Parasites." 
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There  is  a  cyst  tumour  which  forms,  apparently  in  connection 
with  a  duct,  close  to  the  nippla  When  cut  into,  its  contents  are 
seen  to  be  either  clear  or  turbid  liquid  or  sometimes  a  colloid  mass. 
Into  this  cyst  grow  occasionally  one  or  more  warty  papillary  ex- 
crescences often  about  half  an  inch  in  length.  The  stem  of  the 
excrescence  is  constituted  of  fibrous  tissue  and  blood-vessels  and  its 
surface  is  covered  with  columnar  epithelium.  The  cyst  seems  to 
resemble  in  some  respects  the  papillary  cystic  tumour  of  the  o^Tirv 
(p.  434). 


Fkj.  510.— Colloid  Tumour  of  the  Mamma  (xOO  Diamh.) 

(rt)  Dilated  gland  elements  filled  with  honiojjrcneous  colloid,  and  (?<,  b)  desquamated  epithelium 
of  the  acini  (Picro-carinine  and  Farrants*  Sol.) 


As  before  remarked,  cysts  are  very  uncommon  in  mammary 
cancer.  It  may  happen,  however,  that  a  cyst,  perhaps  about  the  size 
of  a  large  hazel  nut,  develops  immediately  beneath  the  skin  covering 
such  a  tumour.  It  will  probably  be  found  to  contain  deeply  blood- 
stained fluid  and  to  have  a  fibrous  wall.  Into  its  cavity  a  wart-like 
excrescence  with  dendritic  extremities  may  project,  as  in  the  foregoing 
case.  The  tissue  of  the  warty  growth,  however,  diffbrs  from  that  in 
the  simple  cyst,  in  the  fact  that  it  consists  of  true  cancer  tissue  alike 
with  that  of  the  main  tumour  mass,  and  that  the  layer  of  columnar 
epithelium  present  in  the  foregoing  is  absent  in  this.  Whether  or  not 
the  cyst  originates  in  a  duct  is  not  quite  clear.     The  blootl-stained 
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liquid  in  its  interior  would  rather  point  to  an  injury  of  the  part,  with 
blood -extravasation  and  subsequent  encapsuling  of  this,  the  cancer 
tissue  making  its  way  subsequently  into  the  cavity. 


'^^c^^ :  -j^y . 


Fio.  511.— Cancer  of  the  Mamma  sHOWiMi  a  Wart-like  CANfER  Mass  growing  into  a 
Cyst  which  PROTRrDEP  immediately  beneath  the  Skin  (xr>0  Diams.) 

(a)  Part  of  the  wall  of  the  cyst ;  (ft,  6)  the  warty  growtli ;  (r)  stfiin  of  same  attache<l  to  tlie  wall 
of  the  cyst  (Logwood  anil  Clarilled). 


Mammary  Abscess. 

The  organisms  of  suppuration  found  .in  mammary  abscess  as  in 
other  abscesses  are  staphylococci  and  streptococci.  These  may  be 
brought  to  the  mamma  by  the  blood-vessels,  in  which  case  they  appear 
to  be  chiefly  staphylococci  The  abscess  induced  by  them  commences 
deeply.  The  cocci  pass  from  the  blood-vessels  into  the  surrounding 
tissues.  In  the  majority  of  cases,  however,  the  staphylococcus  appears 
to  penetrate  the  gland  along  the  course  of  the  milk  ducts,  and  escape 
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into  the  cellular  tissue  from  the  acini.     The  streptococciy  on  the  other 
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hand,  it  is  said,  ramify  chiefly  in  the  lymphatics,  and  superficially. 
They  may  gain  entrance  to  the  gland  through  a  fissure  in  the  skin. 
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Tubercular  Mamiha  (see  vol.  L  p.  434). 


Diseases  of  the  Male  Breast. 

1024.  These  are  of  comparative  rarity.  Sarcomata  are  perhaps 
more  frequently  met  ^vith  than  any  others.  Cancer  of  the  rudi- 
mentary gland  is  rare  ;  cancer  of  the  skin  over  the  mammary  region 


f/^^ 


m^ 


Fir..  513.— Tubercular  Udder  of  the  Cow,  HHOwiNr.  the  Tubercle  Bacilli  invadino 
THE  Acini  (x300  Diams.) 

(n)  Distended  aciniu  filled  with  a  homogeneous  mass  containing  bacilli  in  abundance ;  (6,  b)  two 
other  acini  into  which  a  tubercle  gro\\'th  containing  bacilli  is  being  ptished  from  the  surrounding 
intiltrate<l  stroma  (Ziehl-Neelsen  Stain). 


may  be  mistaken  for  it.     A  colloid  tumour  of  adenoma  type  is  some- 
times found. 

LiUrature  on  Diseases  of  the  Mammary  Gland.  — Billroth :  Cycloj).  of  Obstet. 
aud  Gynec.,  ix.  1887,  p.  1  ;  also.  Die  Krankheiten  der  Brustdriisen,  1880.  Birkett : 
Diseases  of  the  Breast,  1850 ;  see  also.  Holmes'  Syst.  Surg.  Bryant  (Retracted 
Nipple) :  Brit.  Med.  Joum.,  1866,  ii.  p.  635.  Bumm  (Inflammations  of) :  Samml. 
klin.  Vortriige,  1886,  No.  282  (Gyniik.,  No.  79,  p.  2045).  Coen :  Beitr.  z.  path. 
Anat.  u.  Physiol.,  Jena,  1887,  ii.  p.  83.  Creig^hton :  Physiology  and  Pathology  of 
the  Breast,  1878.  Dreyfuss :  Arch.  f.  path.  Anat.,  cxiii.  1888,  p.  535.  Gross: 
Tumoura  of  the  Mammary  Gland,  1880 ;  «^o,  American  Syst.  of  Gynaec,  ii.  1888, 
p.  197.  Handyside  (Polymastia  in  Brothers) :  Joum.  Anat.  and  Physiol.,  vii. 
1873,  p.  56.     Kolessnikow  (Tubercle  in  Cow) :  Arch.  f.  path.  Anat,  Ixx.  1877,  p. 
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531.  Langfhans  (Membrana  Propria  in  Health  and  Disease) :  Arch.  f.  path.  Anat, 
Iviii.  1873,  p.  132.  Leichtenstera  (Supernumerary) :  Arch.  f.  path.  Anat.,  IxxiiL 
1878,  p.  222.  Leudet  (Good  Synopsis  of  Literature) :  Arch.  gen.  de  Med.,  1886,  i. 
p.  18.  Murchison  (Supernumerary  Nipples):  Trans.  Path.  Soc.  Lond.,  xviL  1866, 
p.  426.  Paget  (Dis.  of  Mammary  Areola) :  St.  Barth.  Hosp.  Rep.,  x.  1874,  p.  87. 
Thin  (Duct  Cancer) :  Trans.  Path.  Soc.  Lond.,  xxxii.  1881,  p.  218  ;  also  (Eczemi 
of  Nipple),  Med.  Times  and  Gaz.,  1879,  ii.  p.  732.  Wickham  :  Maladie  de  Paget, 
1890. 


CHAPTER   LXXXYIII 

DISEASES  OF  BONE  AND  JOINTS 

Structural  Significance  of  Bone. 

1025.  Bone  is  essentially  a  calcified  fibrous  tissue.  Its  matrix  can 
be  resolved  into  a  fibrous  tissue  not  materially  different  from  that 
existing  in  other  parts  of  the  body ;  and  the  bone  corpuscle  is  to  be 
regarded  as  a  connective  tissue  corpuscle  possessing  the  inherent 
power  of  throwing  this  out  as  a  secretion  from  its  protoplasm. 
Whether  the  lime  and  magnesia  salts  of  bone  matrix  are  secreted  by 
the  bone  corpuscles  or  are  merely  thrown  down  in  the  matrix  directly 
from  the  blood  remains  uncertain.  In  favour  of  the  first  view  is  the 
fact  that  the  ossification  of  metastatic  bone  tumours  follows  the 
proliferation  of  their  cells ;  while  in  justification  of  the  second  it  may 
be  recalled  that  the  calcification  of  the  matrix  of  hyaline  cartilage 
which  precedes  true  ossification  follows  the  course  of  the  penetrating 
blood-vessels. 

Like  the  cornea,  and  probably  also  hyaline  cartilage  (Thin),  the 
organic  matrix  of  bone  is  laminated ;  and  the  laminae  are  so 
arranged  as  to  aflford  the  greatest  measure  of  support.  Bone  is 
provided  with ,  hlood-  and  h/tnph-vesi^els,  and  with  nerves^  like  any  other 
connective  tissue,  so  that,  all  things  considered,  the  structural 
alterations  ensuing  within  it  as  a  result  of  disease,  presumably,  should 
correspond  with  those  of  any  other  dense  fibrous  tissue. 

Development  of  Bone. 

1026.  There  are  said  to  be  two  metliods  whereby  bones  develop  and  grow — the 
intra 'Cartilaginotis  and  the  intm-viemhranous.  Tlie  one  is  exemplified  in  the 
ossification  of  the  cartilaginous  rudiment  of  a  long  bone,  the  other  in  that  of  the 
flat  bones  of  the  skull  and  face  and  in  periosteal  ossification. 

It  may  be  questioned,  however,  whether  there  is  any  real  difference  in  the  two 
methods.  Did  the  cartilage  become  directly  transformed  into  bone  there  would  be 
some  show  of  reason  for  regarding  the  two  methods  as  appreciably  different.     We 
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know  to  the  contrary  that  this  is  not  the  case.  For  the  alterations  within  ossifying 
cartilage  are  mainly  those  which  point  to  its  absorption  ;  it  is  into  the  vacuities 
caused  by  its  removal  that  the  blood-vessels  and  osteoblasts  penetrate,  and  it  is  in 
these  that  true  ossification  commences — an  ossification  which  does  not  materially 
diflfer  from  that  which  is  seen  in  periosteum.  The  bones,  and  the  term  is  also 
applicable  to  their  cartilaginous  predecessors,  have  from  the  earliest  times  to  bear 
strain.  They  also  act  as  points  of  resistance  to  contractile  tissues.  Hence,  from 
the  first,  it  is  necessary  that  they  be  composed  of  a  compact  substance.  It  seems 
therefore  that  the  primitive  cartilaginous  condition  of  the  bone  is  simply  a  means 
of  affording  a  support  sufficient  for  the  time  being.  The  cartilage  no  doubt  acts  as 
a  convenient  mould  in  which  the  future  bone  can  be  fashioned,  but  it  is  questionable 
whether,  strictly  speaking,  it  has  anything  to  do  with  ossification.  It  must  be 
borne  in  mind,  however,  that  the  two  tissues,  bone  and  cartilage,  are  closely 
related. 

A  Ions:  bone  such  as  the  os  femoris  or  tibia  is  at  first  entirely  cartilaginous,  and 
presents  in  rough  outline  the  shape  which  it  will  eventually  assume.  It  is  provided 
with  a  perichondrium,  consisting  like  i)eriosteum  of  a  superficial  and  a  deep  layer. 
The  superficial  layer  runs  over  the  joint  as  its  capsule,  while  the  deep  layer  unites 
with  the  cartilage  of  the  end  of  the  bone,  and  does  not  proceed  farther  than  the 
point  which  will  mark  the  future  junction  of  the  epiphysis  and  the  shaft.  The 
same  arrangement  continues  throughout  adult  life.  The  superficial  layer  of  the 
perichondrium  becomes  that  of  the  periosteum,  and  the  deep  layer  is  so  modified  as 
to  constitute  the  deep  or  osteogenetic  layer  of  this  membrane.  The  cartilaginous 
phase  in  the  history  of  the  bone  may  be  called  the  first  period  in  its  development. 

Up  till  now  the  periosteal  and  cartilaginous  rudiments  of  the  bone  are  devoid  of 
blood-vessels.  A  second  period  is  ushered  in  by  the  advent  of  vascnlarity  and  by 
the  penetration,  in  course  of  time,  of  the  vascular  twigs  into  the  cartilaginous  baais. 
Those  which  appear  first  show  themselves  in  the  outer  layer  of  })€richondrium  and 
run  parallel  to  the  long  axis  of  the  bone.  Tliey  are  distributed  primarily  only  to 
the  diaphysis  or  shaft ;  the  epiphyses  receive  their  blood-supply  from  the  ramifica- 
tions of  the  perforating  or  nutrient  artery.  From  the  main  branches  in  the  outer 
layer  of  the  perichondrium  smaller  branches  lead  off  into  the  deep  layer. 

While  this  vascularisation  is  taking  place  the  deep  liiyer  of  the  perichondrium 
is  showing  unusual  activity.  The  greater  part  of  the  original  deep  layer  becomes 
converted  into  a  lamina  of  bone  (Birch).  Some  of  its  cells,  however,  remain  free, 
and  these  proliferate  actively  so  as  to  constitute  a  highly  cellular  basis  to  the  other- 
wise fibrous  investing  membrane  of  the  developing  bone.  This  cellular  layer  goes 
by  several  names.  It  is  kno>vn  usually  as  the  "osteogenetic  layer.**  Virchow 
called  it  the  "proliferative  layer"  ;  Strelzoff  the  "osteoplastic  layer*' ;  and  Ranvier 
the  "|)erio8teal  medulla."  The  cells  of  which  it  mainly  consists  are  called  osteo- 
blasts. Each  vessel  of  the  deep  layer  and  its  surrounding  osteoblasts  is  enveloped 
in  a  trabecular  sheath  of  fibrous  tissue,  which  later  on  becomes  transformed  into 
Sharpey's  fibres.  The  osteoblasts  now  begin  to  throw  out  a  matrix.  It  is  fibrous 
at  first,  and  within  it  canaliculi  are  to  be  seen.  The  osteoblasts  are  enclosed  in 
little  Slices  formed  by  recesses  or  intervals  between  two  adjacent  fibrous  laminae. 
These  spaces  become  the  future  lacunae  and  the  osteoblast  the  bone  corpuscle. 

The  process  so  far  is  very  much  like  that  pursued  in  the  formation  of  ordinary 
fibrous  tissue.  The  dei>08ition  of  bone  salts  next  follows,  whereby  the  periosteal 
lamelliv  are  transformed  into  bone  matrix.  The  space  surrounding  the  bone 
corpuscle  is  evidently  lined  with  a  cement  substance  which  also  suffers  calcification, 
and,  similarly,  the  canaliculi  undergo  conversion  into  regular  tubes. 

Tlie  bone  thus  fonned  is  at  first  of  the  cancellous  type.     Intervals  are  found 
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between  its  trabecnlae  wliich  enclose  the  periosteal  vessels  surrounded  as  above 
described ;  these  are  known  as  Haversian  spaces.  By  the  successive  deposition 
of  bone  lamellse  on  their  interior  these  spaces  become  narrowed  down  to  the 
capacity  of  Haversian  canals,  but  each  still  retains  its  primitive  blood-vessel  derived 
from  the  periosteum.  The  periosteal  bone  thus  constitutes  a  shell  or  crust  to  the 
cartilaginous  part  of  the  bone  within. 

The  next  event  of  importance  is  the  penetration  of  the  nutritive  artery  of  the 
bone  through  the  casing  of  periosteal  bone,  and  subsequently  its  ramification 
throughout  the  cartilage  in  its  interior.  It  pierces  at  a  point  about  the  middle 
of  the  shaft  and  makes  its  way  towards  the  centre  of  the  cartilage.  Here  it 
divides  into  two  main  branches,  which  pass  upwards  and  downwards  towards  either 
end  of  the  bone.  Secondary  branches  are  given  off  ultimately  to  the  epiphyses.  In 
some  cases  one  set  of  branches  anastomoses  directly  with  another ;  while  in  other 
cases  the  terminal  branches  pass  immediately  into  veins  without  the  intervention  of 
capillaries.  A  group  of  branches  also  runs  in  an  arcuate  fashion  throughout  the 
cartilage  and  unites  with  large  venous  stems  beneath  the  periosteum  (Maas,  No.  92, 
XX.  1877,  p.  723).     Wherever  arterial  branches  pass  ossification  commences. 

Previous  to  the  time  when  tlie  nutritive  artery  penetrates,  however,  the  cartilage 
in  the  interior  has  been  preparing  itself  for  ossification.  This  preparation,  in  fact, 
seems  to  commence  with  the  appearance  of  the  periosteal  vessels,  and  consists  mainly 
in  a  calcification  of  the  matrix  of  the  cartilage  and  a  multiplication  of  the 
cartilage  cells.  Towards  the  epiphysial  ends  these  cartilage  cells  split  transversely 
to  the  long  axis  of  the  bone,  and  around  each  a  capsule  forms  in  the  matrix.  Rows 
of  cartilage  capsules  thus  result  with  their  contained  cells  ;  and  the  rows  lie  of 
course  in  the  long  axis  of  the  bone. 

This  calcification  of  the  matrix  is  a  very  cuiious  phenomenon,  and  is  probably 
a  measure  for  strengthening  the  cartilage  during  the  time  when  it  is  l^eing  absorbed. 
Various  explanations  have  been  given  of  its  cause,  the  most  plausible  being  perhaps 
that  it  is  due  to  the  iucreasiog.  vascularity  of  the  embryo  bone  and  its  surroundings. 
Into  whatsoever  parts  the  vessels  spread  they  scoop  out  cavities,  or  at  least  their 
presence  is  accompanied  by  the  scooping  out  of  cavities,  in  the  surrounding  cartilage. 
The  actual  excavation  seems,  in  part  at  least,  to  be  effected  through  the  agency  of 
the  cells  which  lie  around  the  penetrating  vessels.  These  enlarge  and  apply  them- 
selves to  the  cartilage  about  to  be  absorbed.  They  sometimes  go  by  the  name  of 
chondrodasts.  The  cavities  so  scooped  out  are  mostly  elongated  and  arranged  in 
rows  in  the  long  axis  of  the  bone.  Between  them  are  the  column-  or  i>illar-like 
remains  of  the  calcified  cartilage. 

It  is  within  these  spaces  in  the  matrix  that  the  cartilaginous  os8itication  com- 
mences. The  cells  which  envelop  the  twigs  of  blood-vessels  are  in  great  part  of  the 
nature  of  osteoblasts,  derived  most  likely  from  the  original  periosteum.  As  the 
cartilage  becomes  absorbed  the  cartilage  cells  ai-e  liberated,  and  thei*e  is  a  difference 
of  opinion  as  to  whether  they  perish  or  become  converted  into  osteoblasts.  The 
former  view  is  the  one  which  finds  most  favour,  namely,  that  they  suffer  disintegration 
and  vanish,  and  that  the  bone-forming  cells  are  in  reality  the  periosteoblasts  carried 
in  by  the  blood-vessels  from  the  enveloping  membrane.  Successive  lamina?  of  bone 
are  deix)sited  within  the  absorption -spaces  in  the  cartilage  until  these  are  nearly 
filled  up.     The  remaining  part  of  the  si)ace  becomes  a  Haversian  canal. 

Then  follows,  curiously,  a  stage  of  absorption.  The  cartilage  up  till  this  time  is 
entirely  beset  with  cancellous  bone.  The  mwlelling  of  the  bone  necessary  to  confer 
upon  it  its  ultimate  shape  and  to  furnish  the  medullary  canal  now  commences. 
This  is  effected  mainly  by  the  absorption  of  certain  jMirts  of  the  sjK)ngy  bone  just  laid 
down.     The  manner  in  which  the  absorption  is  aceouiplished  is  afterwards  explained 
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(p.  815).  As  the  greater  jwirt  of  the  endochondral  bone  is  being  removed  to  be  re- 
placed by  the  medulla,  the  surrounding  periosteal  crust  becomes  denser  by  the  filling 
up  of  tlie  cancellous  vacuities  within  it,  and  thus  comes  to  constitute  the  main  bulk 
of  the  shaft. 

The  endochondral  ossification  proceeds  more  rapidly  at  cei*tain  parts  than  at 
others.  These  ai'e  named  points  of  ossification.  The  small  bones  of  the  wrist  and 
ankle,  along  with  some  others,  possess  only  one  such  point  of  ossification.  In  a  long 
bone,  however,  there  are  usually  several,  those  at  each  end  marking  out  the  epiphyses. 
The  various  ossifying  areas  grow  towards  each  other,  and  coalesce  on  the  intervening 
cartilage  being  absorbed. 

In  the  ossification  of  a  flat  bone,  such  as  the  parietal,  the  phenomena  are  very 
much  alike  with  those  seen  in  the  development  of  bone  from  periosteum.  Both  are 
purely  intramembranous,  and  take  place  without  the  occurrence  of  any  substitution 
bone  in  the  form  of  a  calcified  cartilage. 

Growth  of  Bone. 

1027.  At  the  time  of  birth  the  bones  in  Man  are  partially  ossified.  In  the  long 
bones,  however,  the  coalescence  of  the  epiphyses  and  shaft  is  not  effected  until  the 
growth  of  the  bone  is  finished,  and  does  not  take  place  consequently  till  compara- 
tively late  in  life.  There  remains  a  bar  of  blue  hyaline  cartilag^e  between  the  bony 
centre  of  the  epiphysis  and  the  end  of  the  shaft.  It  is  by  the  production  of  succes- 
sive relays  of  bone  tissue  at  the  diai)hysial  margin  of  this  cartilaginous  plate  that  the 
bone  increases  in  length.  Experiment  seems  to  disprove  the  supposition  that  the 
bone  lengthens  by  interstitial  increment  Pegs  inserted  into  the  shaft  of  a  growing 
bone  do  not  become  further  sei^rated  as  the  bone  increases  in  length  (Hales, 
Hunter,  etc.). 

The  epiphysial  bar  of  cartilage,  according  to  Busch  (No.  43,  xxi.  1884,  p.  213),  is 
connected  exclusively  with  the  ossification  of  the  shaft ;  and  this  is  borne  out 
by  the  fact  that  the  cartilage  cells  arrange  tliemselves  in  i-ows  only  on  the  side 
adjacent  to  the  distal  end  of  the  bone.  The  epiphysis  seems  to  ossify  sei^rately, 
and  chiefly  upon  its  arthrodial  aspect.  Its  ossification  even  here  is  never  complete  ; 
parts  of  the  original  cartilage  are  left  as  the  permanent  articular  cartilag^es.  The 
I)eriosteum  reaches  only  to  the  junction  of  epiphysis  and  sliaft.  It  has  nothing  to 
do  with  epiphysial  ossification. 

Between  the  bar  of  blue  hyaline  cartilage  and  the  bony  shaft  there  is  a  line  which 
to  the  naked  eye  is  marked  off  from  surrounding  parts  by  its  unusually  great  vascu- 
larity and  consequent  redness.  It  is  known  as  the  epiphjrsial  line,  because  it 
sejwrates  the  epiphysis  from  the  remainder  of  the  bone.  Within  it  are  to  be  seen 
the  absorption  sj)aces  tunnelled  out  in  the  cartilaginous  bar  of  the  epiphysis.  These 
spaces  contain  blood-vessels  surrounded  by  osteoblasts,  and  the  osteoblasts  are  en- 
gaged in  depositing  layer  upon  layer  of  bone  tissue  within  them.  As  the  cartilage  is 
absorbed  new  cartilage  is  deposited  in  the  epiphysis,  and  this  suffers  a  like  fate.  The 
epiphysis  thus  continues  to  furnish  a  support  sufficient  for  temj)orary  purposes,  wliich 
also  serves  as  a  mould  in  which  the  future  bone  may  be  cast.  As  the  bone  increases 
in  length  the  epiphysis  is  pushed  farther  and  farther  away  from  the  centime  of  the 
shaft  until  the  time  when  a  fusion  of  the  epiphysial  and  diaphysial  bone  arrives. 
AVhen  this  fusion  is  completed  growth  of  the  bone  ceases. 

If  the  epiphysis  be  removed  along  with  tJie  epiphysial  line,  growth  at  that  end  of 
the  bone  is  arrested.  If  the  epiphysial  line  be  left,  it  is  probable,  as  Humphry  states 
(No.  34,  xlv.  1862),  that  the  growth  of  the  bone  will  be  completely  or  nearly  alike 
with  that  on  the  opposite  side  of  the  body. 
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It  has  been  asserted,  however^  that  long  bones  have,  in  very  rare  cases,  been 
observed  to  grow  after  union  of  the  epiphysis  with  the  shaft,  and  sometimes  this  has 
occurred  unilaterally.  The  explanation  is  said  to  be  tliat  new  bone  is  laid  down 
under  the  articular  cartilages. 

Articular  cartilages  are  usually  held  to  subserve  simply  a  mechanical  and  passive 
purpose,  namely,  in  diffusing  pressure.  As  pointed  out,  however,  by  Oilier  (quoted 
by  Busch,  No.  43,  xxi.  1884,  p.  213),  Kolliker  {lbid,\  Sharpey  (No.  566,  pt.  ii.  6th 
ed.  p.  158),  Tomes  and  De  Morgan  (No.  65,  cxliii.  pt.  i.  1853,  p.  109),  and  Ogston 
(No.  5,  X.  1875,  p.  49),  and  as  confirmed  by  Busch  (No.  43,  xxi.  1884,  p.  212),  it  is 
likely  that  they  also  to  some  extent  are  concerned  with  the  production  of  new  bone, 
and  that  they  thus  repair  the  loss  which  is  always  occurring  in  the  articular  ex- 
tremities from  pressure.  It  is  conceivable  that  by  an  exaggeration  of  this  function 
an  amount  of  new  bone  might  be  thrown  out  sufficient  to  occasion  perceptible  elon- 
gation of  the  limb. 

The  growth  of  the  bone  in  breadth  is  accomplished  entirely  through  the 
mediation  of  the  periosteum.  Successive  layers  are  deposited  from  it  pari  passu 
A\-ith  the  absorption  of  the  older  layers  from  >vithin. 

Literature  cni  StructurCy  Growth^  and  Development  of  Bone. — Birch:  Joum.  of 
Physiol.,  1879-80,  p.  360.  Busch:  BerL  klin.  Wochnschr.,  xxi.  1884,  p.  212. 
V.  Ebner:  Sitzungsb.  d.  k.  Akad.  Wien.,  Ixxii.  Ab.  3,  H.  1-5,  1875,  p.  49. 
Humphry:  Treatise  on  the  Human  Skeleton,  1858.  Kassowitz :  Die  normale 
Ossification,  1881.  Klein:  Atlas  of  Histolofflr-  K511iker:  Verhandl.  d.  physik. 
med.  Gesellsch.,  WUrzburg,  iv.  1873,  p.  46.     Maas :  Arch.  f.  klin.  Chir.,  xx.  1877, 

L714.     Og^ston :  Journ.  Anat.  and  rhvsiol.,  x.  1875,  p.  49.     Rutherford  :  Text- 
•k  of  Physiol.,  pt  i.  1880,  p.  94.     Schslfer :  Quart  Joum.  Mic.  Sc,  xviii.  1878, 
p.  132  ;  see  also  the  various  text-books  on  Histology  and  Physiology. 

Absorption  of  Bone. 

1028.  In  the  modelling  of  a  bone  and  in  the  formation  of  the 
medullary  cavity,  as  previously  explained  (p.  813),  part  of  the  tra- 
becular bone  which  is  laid  down  in  the  first  instance,  and  which  has 
served  a  temporary  purpose  in  affording  support,  is  absorbed.  At  the 
edge  of  the  bone-trabeculte  under  such  circumstances  little  cup -like 
erosions  are  seen  in  great  abundance.  They  are  sharply  punched  out 
of  the  bone  matrix  and  at  first  are  mere  microscopic  objects.  Later 
on,  however,  they  become  confluent,  and  are  converted  by  this  means 
into  excavations  perceptible  with  unaided  vision.  They  give  to  the 
outside  of  the  piece  of  bone  a  peculiarly  worm-eaten  appearance,  and 
ultimately  effect  its  complete  disintegration.  They  were  first  described 
by  Howship,  and  are  named  after  him  Howship's  lacunae  or 
foveolae. 

They  are  also  found  in  bone  being  absorbed  from  senile  decay  or 
from  the  pressure  of  tumours  such  as  aneurisms.  In  different  forms 
of  osteitis  they  are  also  met  with,  in  caries,  and  in  the  solution  of 
sequestra,  ivory  pegs,  etc.  In  fact,  whenever  bone  is  being  absorbed 
they  are  more  or  less  prevalent  at  its  margin. 

Within  the  space  is  contained  a  giant-cell,  or  it  may  be  a  quantity 
of  granulation  tissue.  The  giant-cells  are  most  likely  over-nourished 
bone  corpuscles  which  have  been  liberated  from  the  part,  or  it  may  be 
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over-nourished  cells  derived  from  surrounding  fibrous  tissue.  That 
they  are  not  all  bone  cells  is  proved  by  the  fact  that  identical  giant- 
cells  soon  come  to  surround  and  to  be  applied  to  almost  any  organic 
substance  placed,  it  may  be,  in  a  tissue  far  removed  from  a  bone. 
Attention  has  already  been  directed  to  the  bodies  of  this  kind  which 
envelop  the  keratode  framework  of  sponge  (see  Fig.  102)  when  it  is 
embedded  in  a  living  tissue. 

Kolliker  (No.  662)  takes  the  view  that  it  is  through  [the  agency  of  tliese  giant- 
cells  that  the  bone  is  absorbed.  He  holds  that  they  assimilate  the  organic  part  of 
the  bone  and  utilise  it  as  pabulum,  while,  at  the  same  time,  tliey  bring  about  a  solu- 
tion of  the  lime  salts.  He  accordingly  names  these  giant-cells  osteoclasts  or  osteo- 
phag^i  (Fig.  615).  This  view,  in  the  main,  is  largely  accepted  at  the  present  day, 
but  that  the  giant-cells  are  the  sole  living  agents  in  effecting  tliis  digestion  of  bone 
is  held  by  many  to  be  too  narrow  a  statement  of  the  case. 

The  notion  that  it  is  the  living  cells  around  the  part  which  cause  the  solution 
was  first  broached  by  Tomes  and  De  Morgan  (No.  65,  cxliii.  pt.  i.  1853,  p.  129). 
They  found  numerous  absorption  spaces  filled  ^-ith  gfranulation  tissue  in  the  bone 
protruding  from  an  unhealed  stump  and  which  was  l>eing  absorbed.  The  granu- 
lation cells  were  applied  to  the  walls  of  the  8|>aces  in  such  a  manner  as  to  convey  the 
impression  that  they  were  the  agents  employed  in  the  excavation.  In  accordance 
with  this  observation  it  is  held  by  Billroth  (No.  92,  ii.  1862,  p.  126),  Ziegler 
(No.  13,  Ixxiii.  1878,  p.  367),  Pommer  (No.  13,  xcii.  1883,  p.  296),  Ochotin  (No. 
13,  cxxiv.  1891,  p.  97),  and  many  others,  that  young  living  cells  of  almost  any  kind 
may  similarly  take  on  the  proi^rties  of  osteophagi.  As  Ziegler  remarks,  there  are 
many  inflammations  of  bone  in  which  the  compact  tissue  becomes  rarefied,  and  in 
which  polynucleat^d  giant-cells  are  entirely  absent ;  and  yet  the  parts  which  are 
being  absorbed  present  evidence  of  lacunar  dissolution  in  the  highest  degree.  In 
tumours  of  bone  also  which  are  not  of  a  giant-cell  type  some  of  the  best  examples  of 
lacunar  absorption  are  to  be  found.  The  spaces  are  filled  with  the  ordinary  cells 
which  prevail  throughout  the  tumour. 

Billroth  supposed  (No.  92,  ii.  1862,  p.  126)  that  the  lime  salts  were  rendei-ed 
soluble  by  the  granulation  tissue  secreting  an  acid ;  Schmidt  and  Stadeler  found 
lactic  acid  in  osteoporotic  bones,  and  Billroth  held  that  it  is  this  which  efiects  the 
solution.  This  solution-by-an-acid  theory  has  been  accepted  by  Kolliker,  Rustizky, 
and  Pommer.  It  is  usually  maintained  that  the  organic  part  of  the  bone  suffers  a 
species  of  digestion. 

Still,  although  the  absorption  of  the  effete  tissue  by  the  living  elements  in  its 
neighbourhood  seems  to  be  incontestable  in  most  cases,  it  must  be  borne  in  mind 
that  the  mere  pressure  from  undue  vascularity  may,  under  certain  circumstances, 
induce  an  atrophy  of  the  bone  matrix,  just  as  we  see  hapi>en  to  the  liver  cells  in 
cyanotic  atrophy  of  the  liver,  or  in  other  like  diseases. 

Virchow  early  adopted  this  view  and  supposed  that  the  absorption  commenced 
in  the  bone  lacunae.  Volkmann  (No.  116,  ii.  Ab.  II.  p.  234  et  seq.)  regarded  the 
absorption  as  the  effect  of  undue  vascularity  beginning  in  the  Haversian  canals. 
These  become  dilated  so  as  to  constitute  spaces  of  irregular  shape.  They  increase  in 
size  and  become  confluent,  whereby  an  osteoporotic  condition  results.  This,  he  says, 
accounts  for  the  swollen  cancellous  state  of  the  heads  of  long  lK>nes  in  joint-disease, 
and  it  is  also  the  means  whereby  the  anfractuosities  of  the  ends  of  a  broken  bone 
are  rounded  off. 

This  view,  it  may  be  mentioned,  is  strenuously  opi)osed  by  some  authorities 
at  the  present  day.     Nevertheless  it  is  likely  that  it  contains  a  large  element  of 
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truth.  Rnstizky  (No.  13,  lix.  1874,  p.  202)  and  Ribbert  (No.  13,  Ixxx.  1880,  i». 
436)  so  far  support  Volkmann's  view  in  that  they  believe  in  bone  being  absorbed 
without  the  agency  of  giant-cells.  They  state  that  where  it  is  being  destroyed  by 
pressure  the  presence  of  giant-cells  is  inconstant. 

In  the  hollowing  out  of  the  medulla  of  a  long  bone  giant-cells  are  present  in  con- 
siderable abundance,  and  it  is  stated  by  Maas  (No.  92,  xx.  1877,  p.  729)  that  they 
are  clustered  chiefly  round  the  small  veins  and  venous  capillaries.  Still  it  must 
be  remembered  that  the  bone  corpuscles  in  being  liberated  tend  to  swell  up  and  to 
excavate  Howship*s  lacunae  in  the  matrix,  thus  occasioning  an  appearance  which 
might  be  readily  misinterpreted.  It  would  be  rash  to  conclude  that  in  all  cases 
there  is  an  application  of  the  giant-cells  to  the  absorbing  bone  with  the  intent  of 
their  effecting  its  absorption. 

LiUrature  Oil  Bon£  Ahsorpticnu — Billroth:  Arch.  f.  klin.  Chir.,  ii.  1862,  p.  118. 
Cameron:  Glasg.  Med.  Journ.,  xvi.  1881,  p.  112.  Coats:  Glasg.  Med.  Journ., 
\i.  1874,  p.  321.  Hale  White:  Guy's  Hosp.  Rep.,  1885,  p.  6.  Kdlliker:  Die 
normale  Resorption  d.  Knochengewebes,  etc.,  1873.  Macewen  :  Annals  of  Surgerv, 
18S7.  Morison :  Edin.  Med.  Journ.,  xix.  1873,  p.  305.  Pommer :  Arch.  f.  path. 
Anat,  xcii.  1883,  p.  296.  Rustizky:  Arch.  f.  path.  Anat.,  lix.  1874,  p.  202. 
Weg:ner :  Arch.  f.  path.  Anat.,  Ivi.  1872,  p.  523. 


Bone-Grafting. 

1029.  This  subject  has  already  been  incidentally  referred  to 
(vol.  i.  p.  308).  It  may  be  advantageous  to  discuss  it  here  a  little 
more  in  detail. 

There  does  not  seem  to  be  much  doubt  that  living  bone  taken 
from  the  same  species  is  capable  of  retaining  its  vitality  when  intro- 
duced into  the  tissues  of  a  new  host. 

Macewen  (No.  149,  xxxii.  1881,  p.  238)  relates  the  following  ex|)eriment  in 
support  of  this  view :  A  boy  aged  three  years  was  placed  under  his  care  in  a  weak 
and  emaciated  condition  from  suppuration  connected  with  a  necrosis  of  the  right 
humerus.  Fourteen  ounces  of  foetid  pus  were  evacuated  by  puncture  from  an 
abscess  around  the  bone.  The  shaft  of  the  humerus  was  found  to  be  totally 
necrosed  and  had  separated  from  its  epiphysial  junction  with  the  head.  Over  two- 
thirds  of  the  shaft  were  eventually  removed.  Suppuration  continued  diffuse  for 
a  fortnight,  and  afterwards  gradually  diminished.  A  tapering  portion  of  bone  was 
left  attached  to  the  head.  So  far  as  could  be  made  out  the  i)eriosteum  opposite  the 
sinuses  was  destroyed,  and  its  i)lace  taken  by  granulation  tissue.  The  wounds 
healed  and  the  spicule  of  bone  continued  to  grow  for  a  little,  but  eventually  ceased 
to  do  so. 

In  one  year  and  three  months  from  the  time  of  resection  of  the  bone  the  two 
ends  were  separate  as  before.  The  upper  spicular  end  was  now  cut  down  upon  and 
found  to  be  cartilaginous.  The  cartilaginous  part  was  excised,  and  a  sulcus  about 
2  inches  in  length  was  made  in  a  downward  direction  through  the  muscles. 
Two  wedges  of  bone  were  removed  fi*om  the  tibite  of  a  patient  six  years  of  age  with 
anterior  tibial  curves,  and  were  chopped  into  small  fragments.  They  were  then 
deposited  in  the  sulcus  alcove  described.  The  whole  operation  was  conducted 
antiseptically,  and  the  time  occupied  in  removing  the  wedges  and  placing  them  in 
their  new  position  was  from  two  to  three  minutes.  The  wound  healed  without 
suppurating.  In  a  month  afterwards  a  piece  of  bone  1  inch  in  length  and,  as 
VOL.  II  3  G 
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nearly  as  could  be  measured,  J  inch  in  thickness  was  found  firmly  attached  to  the 
upper  fragment  of  the  shaft. 

A  similar  transplantation  was  made  on  two  other  occasions,  the  adjacent  end  or 
ends  of  the  bones  being  refreshed  at  each  operation,  with  the  result  that  the  parts 
adhered  and  formed  a  solid  rod — a  new  shaft. 

Ponoet  (quoted  by  Ochotin,  No.  13,  cxxiv.  1891,  p.  98)  relates  an  almost 
identical  case  of  interhuman  transplantation  :  A  boy  aged  eleven  years  had  lost  the 
entire  shaft  of  the  femur  through  osteomyelitis.  The  dead  bone  was  removed,  and 
fifteen  days  afterwards,  while  the  wound  was  granulating,  pieces  of  chopped-up 
bone  3-4  mm.  thick  and  7-8  mm.  long  from  the  body  of  a  dead  newly-bom  child 
were  introduced  among  the  gi-anulations.  A  complete  ossification  of  the  granulating 
mass  followed  with  reimbursement  of  the  shaft.  The  bone,  however,  remained 
about  3  cm.  shorter  than  that  on  the  opposite  side. 

There  is,  however,  as  yet  a  difference  of  opinion  as  to  whether  in 
such  operations  the  grafts  actually  live  or  whether  they  simply  act  as 
a  mould  for  the  construction  of  new  bone.  Macewen  is  an  ardent 
disciple  of  the  former  doctrine,  and  certainly  his  results  seem  to 
warrant  his  conclusions. 

The  researches  of  Adamkiewicz  (No.  563,  xx\i.  1889,  p.  123, 
referred  to  by  Ochotin)  also  support  the  vital  theory  of  bone  grafts. 
The  grafts,  he  says,  are  imited  to  the  neighbouring  bone,  firstly,  by 
fibrous  tissue.  This,  if  not  too  extensive,  becomes  rapidly  ossified,  so 
that  in  a  few  months  there  is  a  continuous  bony  mass  with  inter- 
communicating blood-vessels.  A  new  periosteum  seems  to  be  deposited 
on  the  surface. 

Oilier,  however,  even  in  one  of  his  latest  utterances  on  the  subject 
(No.  4,  i.  1889,  p.  167),  is  not  persuaded  that  the  grafts  of  them- 
selves produce  the  new  bone,  but  inclines  to  believe  rather  that  they 
confer  bone-forming  properties  upon  the  periosteum,  which  for  the  time 
being  it  had  lost.  This,  he  says,  is  the  only  principle  on  which  he  can 
understand  the  new  formation  of  a  shaft. 

There  is  much  doubt  as  yet  whether  bone  can  be  successfully 
transplanted  from  an  animal  of  a  species  difierent  from  the  recipient 
host — that  is  to  say,  whether  a  successful  heteroplastic  graft  is  a 
possibility.  Autoplastic  and  homoplastic  grafts  (Oilier) — that  is  to 
say,  those  taken  respectively  from  the  same  individual  or  from  an 
individual  of  the  same  species — have  both  been  found  to  be  possi- 
bilities, but  the  heteroplastic  operation  is  as  yet  a  matter  of 
doubtful  feasibility. 

Patterson  (No.  59,  1878,  ii.  p.  639)  attempted  to  transplant  a  piece  of  dog's  bone 
into  a  vacuity  between  the  ends  of  a  pseudo-arthrosis  of  the  forearm.  The  graft 
seemed  to  contract  adhesions,  but  was  eventually  thrown  out.  Macewen  has  met 
with  a  like  result.  Poncet  (quoted  by  Oilier,  No.  4,  i  1889,  p.  167)  has  apparently 
been  more  successful.  He  transplanted  pieces  of  bone  from  the  foetal  rabbit  and 
kid  into  a  vacuity  in  a  human  bone,  and  found  that  tliey  were  soon  enveloped  in  a 
casing  of  new  bone.  Oilier,  however,  holds  to  it  that  they  were  simply  absorbed, 
but  admits  that  they  may  have  stimulated  the  parts  locally.  On  this  account  he 
does  not  think  that  heteroplastic  growtlis  are  entirely  useless. 
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Transplantation  of  Dead  Bone, 

1030.  Ochotin  (No.  13,  cxxiv.  1891,  p.  97)  has  made  some  experi- 
ments on  the  fate  of  dead  bone  when  introduced  into  the  midst  of 
one  which  is  living.  His  researches  were  made  on  rabbits,  and  con- 
sisted in  boring  a  hole  through  a  long  bone  down  to  the  medulla  and 
introducing  a  peg  of  bone  or  ivory.  He  recommends  bone  from  a 
young  ox  on  account  of  its  being  most  readily  absorbed.  The 
operation  in  all  cases  was  conducted  antiseptically.  The  animals  were 
killed  at  periods  of  7,  12,  18,  32,  and  42  days,  the  parts  hardened  for 
three  days  in  alcohol,  decalcined  in  an  8-10  per  cent  solution  of  nitric 
acid,  and  soaked  in  water  for  twenty-four  hours.  The  hardening  was 
completed  by  further  three  days'  immersion  in  alcohol. 


^d. 


Fio.  514. —Implantation  of  a  Piece  of  Ivory  into  Femur  of  Rabbit.    Appearance  of 
Transverse  Section  after  Thirtv-t\^'o  Dayh  (x52  Diams.) 

(A)  Part  of  circumference  of  shaft ;  (B)  newly  formed  bone ;  (C)  the  ivory ;  (D)  capsule 
surrounding  the  ivory ;  (E)  bone  medulla. 


After  seven  days  the  peg  was  found  to  be  encapsuled  by  fibrous 
tissue,  and  was  firmly  fixed  in  the  aperture.  The  medullary  cavity 
at  the  inner  extremity  of  the  peg  was  widened  by  thinning  of  the  bone 
walls,  but  no  particular  change  was  found  in  the  piece  of  dead  bone 
itself.  A  few  erosions  were  perceptible  after  twelve  days.  In  from 
thirty-two  to  forty-two  days  the  capsule  intervening  between  the  dead 
and  living  bone  had  here  and  there  vanished.  The  piece  of  dead  bone 
appeared  to  have  coalesced  with  the  edge  of  that  which  was  living,  and 
new  bone  was  thrown  out  between  the  two  in  the  form  of  trabeculae. 
The  undue  space  in  the  medulla  had  now  disappeared,  and  the  medulla 
came  again  to  be  in  immediate  contact  with  the  peg,  on  whose  surface 
there  were  many  erosions.     He  says  that  the  new  bone  was  derived 
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not  only  from  the  periosteum,  but  also  from  the  bone  itself.  The 
corpuscles  of  the  latter  had  enlarged  and  divided.  The  Haversian 
canals  at  the  end  of  the  living  bone  had  \iidened  and  become  filled 
with  osteoblasts. 

He  remarks,  however  (p.  107),  that  there  never  was  any  organised 
connection  between  the  dead  and  the  living  parts.  The  dead  bone 
plays  simply  a  passive  rdle,  and  suffers  progressive  absorption. 

Transplantation  of  Periosteum. 

1031.  Although  somewhat  doubtful  about  the  inherent  powers  of 
bone  to  reproduce  itself  in  a  graft,  Oilier  (No.  4,  i.  1889,  p.  166)  is 
a  firm  believer  in  periosteum  as  a  bone-forming  agent  under  like  cir- 
cumstances. He  has  himself  successfully  transplanted  it ;  and  holds 
that  any  merit  which  may  have  attended  grafting  of  bone  is  due  to 
its  having  retained  its  periosteum.  Macewen  (No.  149,  xxxii.  1881, 
p.  232)  maintained  formerly  that  the  fragments  of  bone  used  as  grafts 
should  include  the  whole  of  the  osseous  elements.  Later  on  (No. 
564,  1887,  p.  618)  he  found  that  "the  preservation  of  the  periosteum 
is  not  an  essential  to  the  success  of  the  graft." 

Buchholz  (No.  13,  xxvi.  1863,  p.  78)  says  tliat,  when  i>eriosteum  is  transplantefl^ 
its  cells  proliferate.  One  j)ai*t  of  the  mass  becomes  cartilaginous,  but  the  bone 
resulting  from  its  transplantation  does  not  necessarily  i^&ss  through  the  cartilaginous 
stage.  The  periosteum  of  the  flat  bones  of  the  skull,  he  says,  does  not  seem  to  have 
the  same  osteogenetic  powers  as  that  taken  from  tJie  hollow  bone^. 

Transplantation  of  Medulla. 

1032.  The  bono  medulla  appears  to  have  a  certain  osteogenetic 
power.  When  transplanted  autogenetically  the  graft  takes  root  and 
throws  out  bone.  It  is  unsuccessful  when  the  graft  is  carried  from 
one  animal  to  another  even  of  the  same  species.  Thus  Oilier  (No. 
561,  i.  p.  117)  did  not  succeed  in  a  single  instance  out  of  a  series  of 
fifty  experiments  where  the  transfer  was  to  a  new  host ;  while  Maas 
(No.  92,  XX.  1877,  p.  708)  and  Goujon  (No.  200,  vi.  1869,  p.  399) 
seem  to  have  had  a  like  experience.  Baikow  (No.  50,  viii.  1870,  p. 
371)  also  found  that  the  graft  did  not  throw  out  bone  when  the 
transfer  was  crossed,  but,  when  confined  to  a  single  animal,  bone  was 
generated  in  fourteen  out  of  twenty-eight  instances. 

Bruns  (No.  92,  xxvi.  1881,  p.  661)  was  even  more  successful  than 
Baikow.  In  twelve  experiments  out  of  a  series  of  nineteen  where 
autoplastic  transplantation  was  made  into  the  soft  tissues  of  a  single 
host,  the  graft  lived  and  became  ossified.  He  employed  dogs,  and  from 
their  long  bones  cut  out  cylinders  of  marrow  which  he  transferred 
to  the  soft  tissues  of  the  chest  or  back.  In  from  ten  to  twelve  days 
there  was  a  copious  proliferation  of  young  cells  mostly  of  a  spindle 
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shape.  Ossification  appeared  to  be  both  iiitra-membranous  and  intra- 
cartilaginous,  the  former  predominating.  In  the  case  of  the  car- 
tilaginous ossification  the  cartilage  matrix,  he  says,  becomes  calcified, 
and  the  cartilage  cells  are  converted  directly  into  bone  corpuscles.  He 
states,  curiously,  that  when  the  medulla  is  removed  from  the  cancellous 
tissue  of  an  epiphysis  along  with  the  trabeculae  of  bone,  it  has  not  the 
slightest  inclination  to  ossify,  but,  on  the  contrary,  becomes  absorbed 
through  the  agency  of  a  bevy  of  giant-cells  which  encompass  it. 

Literature  on  Reyeneralimi  of  Bone.  — v.  Berg' :  Untereuch.  lib.  Knocheiiregenera- 
tion  unter  antiseptischcm  Verbande,  1878.  Bidder:  Arch.  f.  exf>er.  Path.  u.  Phar- 
raakol.,  i.  1873,  p.  248  ;  also,  Arch.  f.  klin.  Chir.,  xxii.  1878,  p.  155.  Buchholz : 
Arch,  f.  path.  Anat.,  xxvi.  1863,  p.  78.  Hein  (After  Fracture) :  Arch.  f.  path. 
Auat.,  XV.  1858,  p.  1.  Hopkins  (Organisation  and  Ab8oq)tioii,  Dead  Stenlised 
l5one) :  J.  Am.  M.  Ass.,  Chicago,  xiv.  1890,  p.  605.  Humphry :  Med.-Chir.  Trans., 
Lond.,  vols,  xxxvi.,  xli.,  xUv.,  and  xlv.  ;  also,  Joum.  Anat.  and  Physiol.,  xiii. 
1878,  p.  86.  Krafit:  Ziegler  and  Nauwerk's  Beitriige  z.  path.  Anat.,  i.  1886,  \t. 
85.  Maas:  Arch.  f.  klin.  Chir.,  xx.  1877,  p.  708.  Macewen :  Proceed.  Roy. 
Soc.,  Loud.,  xxxiL  1881,  p.  232 ;  also,  Heath's  Dictionary  of  Pract.  Surg.,  i.  1887, 
p.  617.  Neve:  Edin.  Med.  Joum.,  xxxv.  1889-90,  p.  719.  Ochotin :  Arch.  f. 
path.  Anat.,  cxxiv.  1891,  p.  97.  Og^ston :  Joum.  Anat.  and  PhysioL,  xii.  1877,  p. 
503.  Oilier  :  Gaz.  hebd.  de  nied.,  v.  1858,  p.  572  et  seq.  ;  also,  Journ.  de  la  physiol., 
iL  1859,  p.  1  c/  seq.  ;  also.  Ibid,,  Arch,  de  physiol.  norm,  et  jMith.,  v.  1873,  p.  5  ; 
also  (Bone  Graft),  Arch,  de  physiol.  norm,  et  i^ath.,  i.  1889,  p.  166  ;  also,  Traite  de  la 
regeneration  des  os,  1867.  Phelps:  N.  Y.  Med.  Rec.,  xxxix.  1891,  p.  221. 
Senn  (Healing  of  Aseptic  Bone  Cavities  by  Implantation  of  Antiseptic  Decaleified 
Bone):  J.  Nat.  Ass.  Railway  Surg.,  Fort  Wayne,  ii.  1889-90,  p.  263.  Virchow: 
Arch.  f.  path.  Anat,  v.  1852,  p.  409.  Volkmann  :  Ai-eh.  f.  patli.  Anat.,  xxiv. 
1862,  p.  612 ;  also,  Centralbl.  f.  d.  med.  Wissensch.,  viiL  1870,  p.  129.  Zies:ler : 
Arch.  f.  path.  Anat.,  Ixxiii.  1878,  p.  355. 


Healing  of  Fractured  Bone. 

1033.  A  fractured  bone  seems  to  unite  in  exactly  the  same  manner 
whether  the  fracture  be  simple  or  compound.  The  opposite  has  often 
been  asserted,  but  it  seems  now  to  be  pretty  generally  admitted  that 
there  is  no  difference  provided  the  wound  is  kept  aseptic.  If  it 
becomes  septic  inflammatory  changes  modify  the  process  of  union  very 
considerably. 

It  has  also  been  alleged  that  the  mode  of  union  of  fractured  bones 
in  animals  differs  from  that  in  Man.  This  seems  to  be  equally  in- 
supportable. 

The  parts  concerned  in  the  repair  of  the  bone  are  the  periosteum, 
possibly  the  ends  of  the  bone  itself,  and  the  surrounding  connective 
tissues.  The  bone  medulla  has  been  held  to  furnish  some  of  the 
reparative  materials,  but  this  still  remains  doubtful. 

A  fractured  bone  seems  to  repair  itself  by  a  repetition  of  what  has 
been  described  (p.  812)  as  the  process  of  .ossification  in  a  long  bone. 

As  a  result  of  the  laceration  of  the  parts  at  the  point  of  disunion, 
more  or  less  blood  is  effused  from  the  wounded  blood-vessels  and 
coagulates.  In  from  twenty  to  thirty  hours  after  the  fracture  has 
occiured  the  surrounding  torn  remnants  of  periosteum,  as  well  as  that 
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covering  the  ends  of  the  bone,  are  seen  to  be  proliferating.  The 
periosteum  at  these  parts  becomes  filled  with  new  cells  derived  from 
those  already  within  it  The  blood-vessels,  probably  from  the  pressure 
exerted  upon  them  by  the  clots,  and  it  may  be  from  the  unusual 
position  of  the  bone,  become  turgid,  and  some  efitision  of  liquid  and 
solid  contents  takes  place  through  their  walls — that  is  to  say,  a 
certain  amount  of  inflammatory  reaction  occiu's  at  the  fractured  ends. 
This,  however,  never  goes  very  far  if  the  wound  remains  aseptic. 

The  surroimding  tissues  are  overstimulated  and  proliferate  some- 
what like  the  periosteum.  In  course  of  time  the  blood  begins  to  be 
absorbed,  and  its  place  is  taken  by  a  progeny  of  new  cells  derived  mainly 
from  the  periosteum.  The  connective  tissues  of  neighbouring  parts 
by  proliferating  afford  a  capsule  to  the  enclosed  embryonic  materials 
(Hein,  No.  13,  xv.  1858,  p.  8).  This  capsule  shortly  after  being 
formed  thickens  on  its  inner  aspect,  and  affords  the  same  protection  to 
internal  parts  as  the  perichondrium  of  a  foetal  bone. 

The  cells  which  fill  up  the  interval  between  the  fractured  ends 
and  which  have  primarily  been  derived  from  the  periosteum  now  take 
on  a  cartilage  type  and  throw  out  a  little  cartilaginous  matrix.  It  is 
within  this  cartilage  that  the  future  lK)ne  is  moulded,  and  the  history 
of  events  is  identical  with  what  follows  the  jjenetration  of  the  arteria 
nutritia  into  the  cartilage  of  the  shaft  of  a  foetal  bone.  Several  small 
vessels  push  their  way  from  outside  into  the  embryonic  cartilage 
filling  the  vacuity.  They  are  for  the  most  part  simply  offshoots  from 
those  in  the  periosteum.  \Vherever  they  are  driven  inwards  the  cartilage 
becomes  absorbed,  and  it  is  in  the  resulting  space  that  ossification  pro- 
ceeds. The  osteoblasts  are  probably  in  the  main  carried  inwards  by 
the  vessels  as  in  normal  endochondral  bone  formation.  The  bone  at 
first  is  of  a  cancellous  type. 

Not  only  does  this  go  on  between  the  ends  of  the  bone;  the 
reparative  cells  also  fill  the  medullary  cavity  for  a  certain  distance 
at  each  end,  and  ossification  proceeds  there  as  in  other  parts.  The 
continuity  of  the  medullary  cavity  is  thus  at  first  interrupted,  and  any 
yellow  marrow  which  is  lying  at  the  seat  of  fracture  is  removed.  There 
is  great  danger  of  fat  embolism  occurring  during  the  absorption  of 
its  oil. 

The  fractured  ends  are  now  united  by  a  cartilaginous  basis 
permeated  by  trabeculae  of  bone.  Ossification  begins  outside,  so  that 
there  may  be  a  shell  of  cancellous  bone  at  the  periphery  while  the 
interior  is  as  yet  purely  cartilaginous. 

The  ragged  fractiu'ed  ends  of  the  bone  become  vascular,  and  their 
compact  tissue  opened  out.  There  is  every  reason  to  believe  that  they 
act  as  centres  of  ossification,  and  that  vessels  are  projected  from  them 
into  the  primary  cartilaginous  mass. 

The  term  callus  (calltis,  calluniy  a  hard  skin)  is  an  old  one  applied 
to  the  reparative  bond  of  union  between  the  fractured  ends.  That 
which  consists  of  the  above  cartilage  and  cancellous  bone,  and  which 
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we  shall  see  subserves  merely  a  temporary  purpose,  is  known  as 
provisional  callus,  while  that  which  permanently  unites  the 
extremities  is  called  definitive  callus.  Sometimes  the  outer  bony 
crust  of  the  provisional  callus  is  known  as  the  external  callus, 
while  that  which  lies  within  and  is  more  purely  cartilaginous  is 
named  internal  callus. 

So  far,  it  will  be  noticed,  there  is  a  close  resemblance  in  the 
method  of  repair  of  the  injury  to  that  which  occurs  in  normal  ossifica- 
tion. The  analogy  is  carried  still  further  in  that  the  cancellous  bone 
in  the  interior  becomes  hollowed  out  so  as  to  reproduce  the  medullary 
cavity,  while  that  which  lies  externally  becomes  strengthened  by  the 
addition  to  its  substance  of  superimposed  laminae.  Giant-cells  show 
themselves  at  the  parts  which  are  being  absorbed.  In  course  of  time 
the  continuity  of  the  medullary  cavity  is  re-established,  and  it  becomes 
filled  at  the  fractured  point  with  red  marrow.  If  the  bones  override, 
the  callus  which  has  filled  up  the  end  of  the  cavity  in  the  bone  is  not 
entirely  scooped  out  Part  of  it  remains,  and  by  condensation  aids  in 
affording  support  (Maas,  No.  92,  xx.  1877,  p.  752).  All  gross  irregu- 
larities on  the  outer  aspect  of  the  callus  are  removed  by  a  method  of 
absorption  alike  with  that  which  takes  place  in  the  interior. 

Finally,  the  connective  tissue  capsule  contracts  and  constitutes 
the  superficial  layer  of  a  new  periosteum  (Billroth,  No.  92,  vi.  1865, 
p.  719).  The  deep  layer  is  probably  derived  from  the  original  perios- 
teoblasts. 


Simple  Fracture  with  Dislocatu/n. 

1034.  In  the  Dislocatio  ad  axin,  according  to  Hein  (No.  13,  xv. 
1858,  p.  20),  more  callus  seems  to  form  on  the  concave  than  on  the 
convex  side. 

In  the  Disloaitio  ad  latiis,  by  which  is  meant  a  dislocation  so  far  to 
the  side,  but  where  the  bones  do  not  override,  the  amount  of  swelling 
and  inflammation  is  greater  than  in  the  foregoing.  The  re-establish- 
ment of  the  continuity  of  the  medullary  cavity  is  effected  by  the 
absorption  of  the  adjacent  parts  of  the  bone  where  they  are  in  contact. 
This  takes  place  at  the  time  when  the  absorption  of  the  provisional 
callus  is  proceeding. 

In  the  Dislocatio  ad  longitudiiiemy  in  which  the  ends  of  the  bone 
override,  healing  goes  on  very  much  as  in  the  foregoing,  but  he  says 
he  has  not  had  an  opportunity  of  observing  the  reinstatement  of  the 
medullary  cavity. 

In  the  case  of  a  combination  of  the  last  two,  where  the  dislocation 
to  the  side  is  considerable,  bone  may  still  unite  the  two  ends.  The 
hollowing  out  of  the  medullary  cavity  naturally  becomes  a  matter  of 
difficulty  ;  it  is  doubtful  whether  it  ever  occiu*s.  Both  in  this  and  in 
the  other  forms,  where  the  displacement  is  great,  the  hard  permanent 
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callus  does  not  stretch  from  the  fractured  tip  of  the  bone,  but  from 
the  free  surfaces  of  the  shaft  some  distance  above  and  below  the 
fracture.     The  jagged  ends  of  the  bone  become  absorbed. 

Necrosis  of  Bone. 

1035.  Death  of  a  bone  or  of  a  piece  of  it  may  of  course  arise 
from  a  multitude  of  causes.  It  is  not  usually  so  much  the  result  of 
disease  of  the  bone  itself  as  of  the  withdrawal  of  the  blood-supply. 
The  following  are  the  terms  in  use  to  designate  degrees  of  necroses  : — 

(1)  Peripheral  necrosis  or  an  exfoliation,  where  one  or  more 
of  the  superficial  lamellae  die.  The  part  when  cast  off  is  known  as  a 
sequestrum  {sequestra re,  to  sever  or  give  up). 

(2)  Central  necrosis  or  necrosis  interna,  where  a  portion  of 
the  spongy  bone  in  the  interior  dies. 

(3)  Total  necrosis,  where  the  bone  perishes  throughout  its 
entire  thickness. 

(4)  Necrosis  of  an  entire  bone. 

(5)  Multiple  necrosis,  occurring  in  certain  dyscrasia?. 

Dead  pieces  of  bone  frequently  become  partially  absorbed.  At 
other  times  they  become  encapsuled  by  new  bone  thrown  out  round 
about  them.  An  entire  shaft  may  thus  be  enclosed  in  a  casing  of 
new  bone  and  remain  in  this  position  for  years,  the  new  })one  fidfilling 
the  function  of  that  which  has  died.  Should  the  necrosis  occur  in 
the  middle  of  a  shaft,  a  pseudo-arthrosis  may  form  between  the  ends  of 
the  bone  after  its  removal. 

Inhalation  of  the  fumes  of  phosphorus  gives  rise  to  a  form  of 
periosteitis  which  ends  in  necrosis  of  the  bone.  The  bones  of  the  ja^vs 
are  most  liable  to  be  affected. 

Periosteitis. 

1036.  The  periosteum,  being  a  vascular  membrane,  is  of  course 
liable  to  inflammation,  sometimes  the  result  of  injury  but  more 
frequently  associated  with  the  strumous  or  syphilitic  diathesis. 
Suppurative  periosteitis  is  often  of  a  septic  nature.  Inflammatory 
aff'ections  of  bone  and  its  membranes  are  also  more  common  in  youth 
than  in  adolescence  or  old  age. 

Simple  Periosteitis. — In  that,  for  instance,  resulting  from  a 
blow  upon  the  shin,  the  membrane  becomes  hyperaemic,  its  deep  layer 
proliferates,  and  inflammatory  products  infiltrate  its  substance.  They 
tend  to  accumulate  in  its  deep  layer ;  there  is  comparatively  little 
exudation  between  the  bone  and  the  membrane.  The  bone,  if 
affected  at  all,  suflfers  only  superficially.  The  effusion  may  be  expected 
to  disappear  after  the  acute  hyperaemia  has  subsided,  and  little  trace 
of  the  aflfection  remains.     In  some  cases  a  ridge  of  l>one  is  left,  from 
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the  accumulated  osteoblasts  having  ossified.  This  is  a  common  affec- 
tion in  horses,  the  ridge  being  known  as  a  splint. 

Suppurative  Variety. — A  much  more  serious  disease  is  where 
the  effusion  accumulates  between  the  bone  and  its  enveloping  mem- 
brane and  suppurates.  This  suppurative  form  of  the  disease  is 
commmonest  in  youth  and  mostly  in  boys.  The  humerus  is  a  bone 
which,  for  some  unknown  reason,  suffers  frequently  from  it.  The 
membrane  is  stripped  off  from  the  bone  and  is  converted  into  an 
abscess  sac.  An  entire  shaft  may  thus  be  laid  bare.  The  pus  is  of  a 
greenish  colour  and  teems  with  the  organisms  of  suppuration  (q.v.), 
chiefly  with  staphylococcus  pyogenes  aureus.  The  shaft  usually  dies 
and  separates  from  its  epiphyses.  The  epiphyses  may  still  nevertheless 
retain  their  vitality.  There  is  great  danger  of  the  affection  ending 
fatally  from  septicaemia  and  pyaemia. 

The  necrosis  need  not  be  total ;  it  may  implicate  only  the  super- 
ficial strata  of  bone,  in  which  case  an  exfoliation  takes  place  through 
the  opening  in  the  abscess  sac. 

Hacmorrhag^C  Variety.  —  Periosteitis  sometimes  assumes  a 
haemorrhagic  type,  in  which  case  blood  is  found  in  the  sac.  The 
periosteum  may  be  completely  separated  from  the  shaft  of  the  femur, 
and,  in  place  of  pus,  the  sac  is  filled  with  a  huge  firm  clot  of  blood. 
There  may  appear  to  be  an  entire  absence  of  suppuration. 

Chronic  Fibrous  Periosteitis. — Most  of  the  foregoing  varieties 
run  an  acute  course.  It  happens,  however,  that  many  instances  of 
periosteitis  are  chronic  and  are  accompanied  by  great  fibrous  thicken- 
ing of  the  membrane.  The  term  periosteitis  fibrosa  is  usually 
applied  to  the  affection.  In  the  acute  varieties  the  cellular  part  of  the 
effusion  is  derived  chiefly  from  the  deep  layer  of  the  periosteum  and 
it  may  be  from  the  superficial  layers  of  bone  (Billroth).  In  the 
chronic  form  the  superficial  laminae  of  bone  are  always  involved.  The 
bone  assumes  a  thickened  appearance  from  the  fibrous  excess  around 
it.  Part  of  this  ossifies,  so  that  when  the  bone  is  macerated  irregular 
outgrowths  of  bone  are  found  adhering  to  the  shaft.  These  go  by  the 
name  of  OSteoph3rtes  (<t>in-6vy  a  plant),  from  the  somewhat  plant-like 
aspect  they  present.  So  great  may  the  thickening  around  the  bone 
become  that  the  limb  assumes  almost  the  aspect  of  an  elephantiasis. 

Periosteitis  Albuminosa. — This  is  a  peculiar  disease  observed 
by  Oilier  (description  through  Poncet,  Xo.  251,  1874,  Nos.  ix.  and 
xii.).  Usually  there  is  coexistent  osteitis,  and  it  may  be  osteomyelitis, 
most  likely  with  a  sinus  in  the  bone  from  which  yellowish  granula- 
tions protrude.  From  the  sinus  there  stream  out  large  quantities  of 
viscid  albuminous  liquid  with  little  if  any  pus  in  it.  The  liquid, 
according  to  Schlange  (No.  92,  xxxvi.  1887,  p.  97),  sometimes  becomes 
encapsuled  in  the  soft  parts  round  the  bone.  It  has  a  close  resem- 
blance to  synovia,  but  staphylococcus  pyogenes  aureus  is  abundant  in 
it.  According  to  Kastus  and  Liebermann  (referred  to  by  Schlange, 
loc.   cit.  p.   112),  it  contains  albumin,  |)aralbumin,  metalbumin,  phos- 
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phates,  carbonates,  and  grape-sugar.  Poncet  says  that  when  the 
liquid  is  allowed  to  settle  it  separates  into  three  layers.  The  lowest 
is  a  compact  mass  of  fibrinous  flakes,  corpuscles,  etc.;  the  middle  is 
an  albuminous  liquid,  which,  by  coagulating  on  cooling,  resolves  itself 
into  fibrin  and  serum ;  while  the  highest  stratum  is  composed  mainly 
of  oil  globules  evidently  derived  from  the  bone.  The  liquid  keeps  for 
long  without  putrefying  ;  its  origin  is  as  yet  doubtful. 
Syphilitic  Periosteitis  (see  Sect.  1045). 

Literature  on  Periosteitis. — Billroth  (Growth,  Periosteitis,  and  Caries) :  Arch.  f. 
klin.  Chir.,  vi.  1865,  p.  712.  Dent:  Med.-Chir.  Trans.,  Lond.,  xlvi.  1881,  p.  307. 
Duplay  (Albuminous) :  Arch.  gen.  de  med.,  cxlvi.  1880,  p.  728.  Eberth  :  Arch, 
f.  path.  Anat.,  Ixv.  1875,  p.  341.  Leg^iehn :  Uek  d.  sogenannte  Periosteitis  u. 
Osteitis  albuminosa,  1890.  Roser  (Albuminous) :  Centralbl.  f.  Chir.,  xiv.  1887,  p. 
929.  Schla]is:e  (Albuminous) :  Arch.  f.  klin.  Chir.,  xxxvi.  1887,  p.  97.  Smith 
(Hfemorrhagic) :  Tmns.  Path.  See.  Lond.,  xxvii.  1875-76,  p.  219.  Tubby  (Acute 
Infective) :  Guy's  Hosp.  Rep.,  xxxii.  1890,  p.  77. 


Osteitis. 

1037.  The  communication  between  the  blood-vessels  of  the 
periosteum  and  those  of  the  bone  is  so  close  that  it  has  been  denied 
{e.(j,  Meyer  and  Billroth)  that  an  inflammation  of  bone  can  occur 
apart  from  the  periosteum  or  medulla  participating  in  it  Volkmann, 
however  (No.  115,  ii.  Ab.  II.),  takes  a  different  view,  and  believes  in 
the  autonomy  of  the  bone  tissue  in  this  respect. 

When  a  bone  inflames,  be  the  affection  complicated  with  periosteitis 
and  osteomyelitis  or  not,  its  vessels  become  turgid,  and  inflammatory 
blood-constituents  exude  from  them  as  in  soft  parts.  The  vessels  are 
boimd  down  by  the  rigid  walls  of  the  Haversian  canals,  but  soon  these 
yield  and  become  distended.  The  bone  laminae  are  disintegrated  and 
absorbed  so  that  a  dense  bone  is  converted  into  one  composed  of 
trabecular  bone  tissue — it  suffers,  in  fact,  from  what  is  termed  rarefy- 
ing osteitis.^  Owing  to  the  distension  of  the  vessels  and  the  in- 
flammatory infiltration  of  the  parts  the  bone  may  assume  a  blown-out 
appearance,  and,  from  the  loss  of  its  dense  matrix,  can  be  readily 
cut  into. 

After  the  inflammation  has  subsided  the  regenerative  powers  of 
the  bone  begin  to  assert  themselves  with  unusual  vigour,  and  new  bone 
is  laid  down  in  the  cancellous  spaces  (Fig.  515).  The  result  is  that  the 
part  which  has  been  the  seat  of  the  inflammation  becomes  extremely 
dense.     An  osteosclerosis,  as  it  is  called,  follows  upon  it 

It  may  happen,  however,  that  the  parts  suppurate  and  an  abscess 
forms  in  the  l)one  substance.  This  is  unusual.  The  abscess  may 
evacute  itself  externally,  but  more  often  is  surrounded  and  pent  up 
by  a  layer  of  sclerous  bone  tissue,  and  may  lie  hidden  in  the  bone 
substance  for  many  months. 

*  As  to  the  manner  in  which  it  is  absorbed  the  reader  is  referred  to  the  Section  on 
bone  absorption  (p.  815).     For  microscopic  api^earances  see  Fig.  515. 
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The  pus,  on  the  other  hand,  may  dry  and  be  converted  into  a 
cheesy  deposit,  a  state  of  the  bone  which  may  persist  for  years. 


Osteitis  Deformans. 

1038.  The  above  term  was  applied  by  Sir  James  Paget  (No.  34, 
Ix.  1877,  and  Ixv.  1882;  also.  No.  567,  ii.  1889,  p.  181  ;  in  which 
see  as  well  papers  by  Hutchinson,  Edmunds,  Lunn,  Mackenzie, 
Humphry,  Bowlby,  and  Robinson),  to  a  peculiar  constitutional  disease 
in  which  a  thickening  and  deformity  occurs  in  different  bones  through- 
out the  body.  It  is  a  disease  chiefly  of  old  age,  and  may  occur  in 
either  sex,  oftenest,  however,  in  the  male.  In  the  early  stages  it  is 
sometimes  restricted  to  one  bone,  usually  the  tibia  or  femur,  but  in 
course  of  time  tends  to  involve  the  bones  of  the  skull,  spine,  and,  it 
may  be,  nearly  every  bone  in  the  body.  The  posture  assumed  by  the 
individual  is  peculiar.  As  a  rule,  the  spine  is  curved  forwards  and 
the  head  bent  upon  the  chest ;  while  the  legs  also  present  an  anterior 
curvature.  Curiously,  when  the  swelling  and  deformity  afiect  the 
bones  of  the  leg  the  tarsal  bones  may  remain  unaltered,  so  that  the 
ends  of  the  tibia  and  fibula  ovei'lap  them.  The  disease  in  many  cases 
has  been  shown  to  be  followed  by  a  cancerous  or  sarcomatous  outbreak 
in  some  part  of  the  body.  It  is  a  very  chronic  affection,  lasting  for 
from  ten  to  twenty  years,  and  is  seldom  a  cause  of  death  in  itself. 
The  subjects  of  it  sometimes  become  mentally  alienated. 

As  regards  the  condition  of  the  bones,  it  seems  to  be  essentially 
a  slow  form  of  osteitis,  periosteitis,  and  absorption,  whereby  new  bone 
is  deposited  in  parts  and  removed  in  others.  Hence  the  characteristic 
deformity.  Where  the  bone  is  rarefied  the  Haversian  canals  are 
dilated  ;  where  new  bone  is  thrown  down  they  are  usually  contracted. 

According  to  Stilling  (No.  13,  cix.  1890,  p.  542),  the  disease 
begins  immediately  underneath  the  periosteum  or  dura  mater,  as  the 
case  may  be,  and  gradually  spreads  to  the  inner  parts  of  the  bone. 
Howship's  spaces  show  themselves  where  absorption  is  going  on  indis- 
tinguishable from  those  of  ordinary  rarefying  osteitis,  and  by  their 
instrumentality  the  bone  is  partly  destroyed.  Roimd  about  where 
absorption  is  proceeding,  however,  a  new  formation  of  bone  is  also 
taking  place,  it  may  be  within  the  periosteum,  the  medulla,  or  both. 
The  two  processes  of  osseous  absorption  and  osseous  regeneration  go 
on  side  by  side.  The  new  bone  is  at  first  devoid  of  calcic  basis,  and 
remains  so  for  a  considerable  time.  Hence  the  bending  that  takes 
place  in  the  long  bones  of  the  lower  extremities. 

LUeralure  on  Osteitis. — Barling  (Osteitis  Defonnans) :  Illust.  Med.  News,  ii. 
1889,  p.  292.  Busch:  Arch.  f.  klin.  Chir.,  xxiv.  1879,  p.  331.  Chitton  (Osteitis 
Defonnans):  Trans.  Path.  Soc.  Loud.,  xxxix.  1888,  p.  259.  Garr^:  Fortschrit.  d. 
Med.,  iii.  1885,  p.  165.  Goodhart  (Osteitis  Deformans) :  Trans.  Path.  Soc.  Lond., 
xxxix.  1888,  p.  262.  Hutchinson  (Osteitis  Deformans) :  Illust.  Med.  News,  ii. 
1889,  p.  169.     Osteitis  Deformans  (Series  of  Papers  on) :  Med.  Press  and  Circ,  1. 
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1890,  p.  461.  Pag:et  (Osteitis  Defonnans) :  Med.-Chir.  Trans.,  Ix.  1877,  p.  37  ; 
also,  Illust.  Med.  News,  ii.  1889,  p.  181.  Parker:  Trans.  Path.  Soc.  Lond.,  xxxix. 
1887-88,  p.  245,  Ranvier  (Osteitis,  Caries,  and  Tubercle  of  Bone) :  Arch.  d.  physiol. 
norm,  et  path.,  i.  1868,  p.  69.  Siicock  (Osteitis  Deformans):  Trans.  Path.  Soc. 
Lond.,  xxxvi.  1885,  p.  383.  Stilling:  (Osteitis  Deformans):  Arch.  f.  path.  Anat, 
cxix.  1890,  p.  542.  Thibierg^e  (Osteitis  Deformans):  Arch.  gen.  de  med.,  1890,  i. 
p.  62.  Treves  (Osteitis  Defonnans) :  Trans.  Path.  Soc  Lond..  xxxii.  1881,  p.  167. 
Volkmann:  Arch.  f.  klin.  Chir.,  iv.  1863,  p.  437. 
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FlO.  615.— OSTEITIM,    TWKLVE    DaYS  OLD,    ARTIFICIALLY    INDUCED   IN   RaBBIT's    FeMUR,    SHOWING 

Bone  Absorption  and  Bone  Formation  (x485  Diams.) 

(A)  Bone  tissue ;  (B)  newly  fonned  peninsula  projecting  into  nieflnlla.  (a,  a)  Giant  cells  or 
OBteoclasts ;  (6,  h)  bone  corpuscles  undergoing  transrormation  into  ost4X)clast8 ;  (r,  c)  small  osUo- 
clasts  being  transformed  into  osteoclasts  of  greater  size  ;  (f/,  d)  osteoblasts  ;  {e,  e)  osteoclasts  being 
again  transformed  into  osteoblasts. 

OSTKOMYKLITIS. 

1039.  The  most  important  variety  of  this  disease  is  where  it  is  of 
a  septic  nature.  Xo  complication  was  more  to  l)e  feared  in  preaiiti- 
septic  times  as  a  result  of  compound  fracture  than  this  septic  inflam- 
mation of  the  medulla,  and  none  proved  a  more  fertile  source  of 
destruction  of  the  bone  and  pyaemia. 

The  medulla  is  more  or  less  extensively  reddened  from  congestion 


CHAP.  LXXXVIII 


OSTEOMYELITIS 


829 


of  its  vessels,  and  its  interspaces  are  in  parts  bathed  in  pus.  The 
result  is  that  it  assumes  a  peculiarly  dappled  appearance,  some  parts 
being  yellow-coloured,  others  more  or  less  red. 

The  parts  teem  with  the  organisms  of  suppiu*ation.  At  one  time 
it  was  supposed  that  the  disease  was  caused  by  an  organism  having  a 
special  affinity  for  this  part  of  the  body,  but  the  researches  of  Ogston, 
Eosenbach,  Krause,  Kraske,  and  others  (see  Bibliog.)  have  now 
settled  that  the  staphylococcus  pyogenes  aureus  is  of  itself 


Fio.  516.— Osteomyelitis  artificially  induced  in  the  Tibia  or  the  Rabbit  by  injectixq  a 
Culture  of  Staphyixxjoccus  FiooENEs  Aureus  into  a  Vein  ok  the  Ear. 

The  period  which  intervened  between  the  iixjection  and  the  exAiiiination  of  the  bone  was  live 
days.     The  drawing  shows  the  Haversian  canals  distendetl  with  the  organism. 

{h,  h,  h)  Haversian  canals  distended  with  coccus  ;  (^)  matrix  of  the  bone. 


capable  of  exciting  the  disease,  and  often  does  so,  this  being  also  the 
organism  oftenest  associated  with  suppuration  in  other  parts.  Garr6 
(No.  11,  1885,  p.  165)  showed  that  the  yellow  coccus  so  abundant  in 
the  pus  of  osteomyelitis  is  identical  with  that  occurring  in  carbuncles 
and  in  paranicium. 

In  numbers  of  cases,  however,  other  organisms  besides  the  above 
have  been  found,  such  as  Streptococcus  p.  albus  and  strepto- 
coccus pyogenes.     The  disease  is  therefore  the  result  of  a  mixed 
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infection;    there  is  the  possibility  that  every  organism  which  has 
pyogenic  properties  may  prove  to  be  capable  of  calling  it  forth. 

Kraske  (No.  92,  xxxiv.  1887,  p.  721)  relates  the  caae  of  a  lad  who  suffered  from  a 
carbuncle-like  inflammation  of  the  lower  lip,  followed  by  an  osteomyelitis  of  several 
bones  of  the  body.  The  staphylococcus  p.  aureus  was  abundant  both  in  the 
carbuncle  and  in  the  affected  bone  marrow.  He  regards  the  disease  under  such 
circumstances  as  a  pysemia,  and  the  abscesses  of  muscles,  serous  membranes,  etc, 
as  co-ordinate  affections.  According  to  Tubby  (No.  63,  xlvii.  1890,  p.  92),  the 
medulla  and  the  juxta-epiphysial  junction  are  the  two  parts  of  bone  which  become 
most  readily  infected. 

A  large  proportion  of  cases  are  not  traumatic  in  their  origin,  and 
Kraske  (No.  92,  xxxiv.  1887,  p.  701)  holds  that  the  organismal 
invasion  under  these  circumstances  may  take  place  through  the 
intestine  or  lung. 

Literature  mi  Osteomyelitis, — Albert:  Alle.  Wien.  med.  Ztg.,  xxviii.  1883,  p. 
325  et  seq.  Altgelt :  Beitra^  zur  Lehre  von  der  Osteomyelitis,  1886.  Appeliath : 
Ueb.  die  infectiose  osteomyelitis,  1890.  Ayala :  De  portes  d'entree  de  Tosteomyelite, 
1886.  Francon :  De  I'ost^my elite  insidieuse,  1886.  Jaboulay :  Le  microbe  de 
I'ost^omyelite  aigue,  1885.  K&stiin  :  ExperimenteUes  iib.  d.  acute  infectiose  Osteo- 
myelitis, 1880.  Kraske:  Arch.  f.  klin.  Chir.,  xxxiv.  1886-87,  p.  701.  Kranse 
(Micrococcus):  Fortschr.  d.  Med.,  1884,  ii.  p.  221.  LannelcMigue  and  Achard: 
Ann.  de  I'lnst.  Pasteur,  v.  1891,  p.  209.  Mirovitch :  Desdiverses  formes  de  Tost^o- 
my^lite,  etc.,  1890.  Oeston  (Micrococcus) :  Joum.  Anat.  and  Physiol.,  xviL  1882, 
p.  47.  Ribbert  (Organisms  of) :  Deut.  med.  Wochnschr.,  x.  1884,  p.  682.  Rodet: 
Comptes  rend,  de  I'Acad.  des  sciences,  xcvili.  1884,  p.  569.  Rosent>ach  (Micro- 
coccus):  Centralbl.  f.  Chir.,  1884,  No.  6;  also,  Deut.  Zeitschr.  f.  Chir.,  x.  p. 
385. 

KiCKETS  (lihachitis). 

1040.  Definition. — A  disease  of  childhood  characterised  by 
general  malnutrition  and  a  soft  pliable  condition  of  the  1x)nes ;  and 
resulting  in  certain  characteristic  deformities. 

General  Features. — The  rickety  constitution  is  particularly 
common  in  this  country,  and  is  said  to  have  been  first  noticed  only  so 
recently  as  the  middle  of  the  seventeenth  century.  The  disease  is 
essentially  one  of  childhood,  and  may  show  itself  from  six  to  seven 
months  after  birth.     It  passes  through  three  distinct  stages,  namely — 

(1)  The  stage  of  incubation  ; 

(2)  The  stage  of  deformity ;  and 

(3)  The  stage  of  restitution. 

The  disease  commences  somewhat  insidiously,  the  symptoms  in 
the  first  Stag^e  being  those  of  general  malaise  without  any  alteration 
pointing  to  the  bones.  There  is  impairment  of  digestion,  accompanied 
evidently  by  mal -assimilation  together  with  diminished  \ital  power ;  the 
abdomen  is  swollen.  The  whole  of  the  phenomena  in  this  stage  point 
to  derangement  of  the  processes  necessary  for  healthy  nutrition. 
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In  the  second  stage  the  bones  become  characteristically 
deformed.  The  junction  l)etween  epiphysis  and  shaft  assumes  a 
thickened  and  tuberose  aspect, 
more  especially  in  the  wrist 
and  ankle  joints.  The  point 
of  union  between  the  cartilage 
of  the  rib  and  the  bony  part 
of  the  same  is  in  a  like  con- 
dition, so  that  on  passing  the 
hand  do^vn  the  side  of  the  chest 
a  beaded  feeling  is  communi- 
cated to  it.  The  cartilage  of 
the  rib  fits  into  the  bone,  as 
Virchow  expresses  it  (No.  13, 
V.  1853,  p.  430),  like  an  acorn 
into  its  cupula.  The  union  of 
the  flat  bones  of  the  skull  is 
interrupted,  so  that  these  bones 
continue  ununited  and  the  fonta- 
nelles  open.  The  bones  for  long 
remain  in  a  very  attenuated 
condition  and  are  diaphanous. 
The  bones  of  the  face  appear 
to  be  under-developed,  and  the 
defect  is  rendered  still  more 
apparent  from  the  large  size  of 
the  head.  Normal  dentition  is 
interrupted,  or,  it  may  be,  is 
completely  arrested,  and  the 
teeth  tend  to  decay. 

Owing  to  the  deficiency  of 
lime  salts  within  them  the  bones 
are  rendered  pliable,  and  accord- 
ing to  the  pressure  brought  to 
\yeskT  upon  them  they  yield  and 
become  characteristically  de- 
formed.    Thus,  from  having  to 

support    the    body,     the    lower         ^"'-  51"-Rhachitic    Femur  (after  Virchow). 
P»tremitie«5    arp     bent         The         ^"'  "^  *^"^^P^^*  ^^  of  cartilage  between  epiphysis 

exrremiues  are    oent.      ine  ^^^  ^^^^ .  ^^  j^^  ^^^  epiphysial  line ;  (o,  r)  the  vas- 

COnveXlty    is    usually    outwards    cular  layer  characterised   by  the  scooping  out  of 
(genu  varum  or  bow-legs),  some-    '"e<*"^^ry  spaces,  and  the  projection  into  them  of 

times  inwards  (genu  valgum 
or  knock-knee).  The  bones  of 
the  arm,  being  less  severely  taxed,  do  not  tend  to  yield  in  any- 
thing like  the  same  degree  as  those  of  the  leg,  but  nevertheless 
become  bent.  There  may  be  considerable  distortion  of  the  clavicle. 
If    the  child  is  allowed  to  walk  alx)ut,  the  pelvis  may  be  driven 


vascular   loops ; 
epiphysis. 


(rf)  centre  of  ossification   in    the 


832  DISEASES  OF  BONE  AND  JOINTS  part  hi 

inwards  around  the  acetabula,  but  if  kept  in  the  prone  position 
this  may  in  great  part  be  avoided.  The  spine  also  suffers  curva- 
ture, mostly  an  exaggeration  of  its  natural  flexures,  but  also  in 
a  lateral  direction.  The  sacrum  is  driven  forwards,  so  that  this 
adds  to  the  deformity  of  the  pelvis.  These  deformities  of  the 
pelvis  may  become  fixed  and  prove  a  serious  complication  in  par- 
turition. The  pelvis  also  becomes  deformed  in  malacosteon  or  adult 
rickets^  but  there  is  this  difference  between  the  two,  namely,  that 
in  true  rickets  the  deformity  is  more  irregular.  The  ribs,  being 
insufficient  to  resist  the  negative  pressure  of  the  chest  during  in- 
spiration, tend  to  be  driven  in  laterally,  the  Stemum  at  the  same 
time  being  protruded.  The  deformity  is  known  as  jngeojirbreast, 
a  deformity  which  may  become  permanent.  The  cranial  vault  is 
stretched  and  the  capacity  of  the  skull  increased ;  the  brow  appears 
massive,  but  at  the  same  time  distorted.  If  the  child  rest  con- 
tinuously upon  the  occiput  or  parietal  bone,  the  bone  is  liable  to 
l>ecome  absorbed  at  parts  where  the  pressure  is  greatest^  and  apertures 
are  formed  in  it.  The  condition  was  named  Craniotabes  by 
Elsasser.  Growth  is  interfered  with,  and  is  not  entirely  compensated 
for  later  on,  so  that  rickety  indi\dduals  are  generally  of  small 
stature. 

When  a  section  of  a  bone  like  the  femur  is  made  in  its  long 
axis  the  chief  points  noticeable  are  the  large  size  of  the  bar  of  car- 
tilage which  intervenes  between  the  ossific  centre  or  centres  of  the 
epiphysis  and  the  shaft  (Fig.  517,  a).  The  bar  of  cartilage  is  much 
more  irregularly  beset  with  absorption  spaces  than  in  a  natural  bone. 
The  spaces  are  large  and  their  vascularity  is  also  greater  than  in 
health.  The  extreme  breadth  of  the  epiphysial  line  is  also  remark- 
able. 

The  essential  pathological  featiu-e  of  rickety  bone  will  be  easily 
understood  by  remembering  (see  Sect.  1025)  that  bone  is  at  first 
simply  a  laminated  fibrous  tissue,  and  that  ossification  is  completed 
by  the  calcic  salts  being  precipitated  in  the  interstices  of  this  fibrous 
matrix. 

In  rickets  the  osteoblasts  are  superabundant,  and  they  arrange 
themselves  around  the  margins  of  the  absorption  spaces  in  the 
cartilage  just  as  in  natural  ossification.  They  go  so  far  in  fulfilling 
their  developmental  intention  as  to  throw  out  the  fibrous  matrix  of 
the  bone,  which  even  assumes  a  homogeneous  appearance,  probably 
from  being  infiltrated  with  collagen.  But  here  the  process  ceases. 
The  final  stroke  necessary  to  convert  the  fibrous  matrix  into  true 
bone,  namely,  the  deposition  of  calcareous  salts,  is  wanting.  The 
osteoblasts  either  have  lost  for  the  time  being  the  power  of  secreting 
these  salts,  or  the  materials  necessary  to  form  them  fail  to  be  brought 
to  the  part.  The  bone,  consequently,  does  not  seem  to  elongate. 
The  crude  fibrous  tissue,  which  is  its  sole  representative,  accumulates 
at  the  epiphysial  line,  and  along  with  the  unduly  great  vascularity 
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and  the  wide  absorption  spaces  in  the  cartilage,  occasions  the  tuberose 
swellings  so  characteristic  of  the  disease.  The  bone  which  has  already 
been  laid  down  does  not  vanish,  but  remains  in  its  originally  cancellous 
state ;  while  round  the  borders  of  its  trabecule  there  is  a  deposit  of 


^^^-^J^^'i^Cr'^- 
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Fig.  518.— Section  of  Rickety  Rib  of  Child  close  to  the  Cartilage  (xSOO  Diamh.) 

(a)  Trabecula  of  uncalcifled  bone ;  (6)  central  part  of  trabecula  with  slight  deiKwit  of  calcareous 
salts,  deposited  probably  before  the  attack  of  rickets  supervened  ;  (c,  c)  osteoblasts  lying  in  contact 
with  the  (fibrous)  bone ;  (d,  d)  blootl-vessels  in  trabecular  spaces  ;  (?)  loose  Hbro-cellular  tissue  filling 
the  space  (Picro-carmine  and  Farrants'  Sol.) 


fibrous  tissue,  the  sole  representative  of  the  bone  which  has  been 
newly  formed  The  former  with  picro-carmine  stains  yellow,  the 
latter  pink.  All  further  ossification  is  arrested.  Earely,  if  ever,  does 
the  cartilage  appear  to  have  undergone  the  calcification  preliminary 
to  ossification.     The  periosteal  bone  is  likewise  represented  by  fibrous 
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tissue.  It  is  laid  down  in  successive  lamiusB  without  usually  a  vestige 
of  calcification  in  its  midst. 

The  third  stage  is  that  of  restitution,  and  in  this,  ossification 
sets  in  with  unusually  great  vigour.  The  deformities  at  the  ends  of 
the  long  bones  disappear,  and  the  curvatures  which  may  have  taken 
place  in  them  often  right  themselves  in  a  wonderful  manner,  although, 
in  most  instances,  the  bones  of  the  lower  extremities  to  a  certain 
extent  remain  permanently  bent.  During  the  height  of  the  disease 
periosteal  ossification,  as  can  be  well  supposed,  is  also  arrested,  but 
in  this  stage  it  regains  vigour,  alike  with  that  which  is  manifest- 
ing itself  within  cartilage.  Massive  relays  of  periosteal  bone  are 
thrown  down  beneath  the  periosteum,  and  seemingly,  as  a  substitution 
for  the  loss  of  mechanical  advantage  caused  by  the  curvatures,  this 
periosteal  deposit  is  greatest  on  the  concave  aspects  of  the  bones. 
The  amount  of  the  deposit  seems  almost  proportional  to  the  extent  of 
the  bending.  The  bones  of  the  head,  pelvis,  and  thorax  do  not  show 
anything  like  the  same  restorative  power  possessed  by  the  long 
bones. 

As  may  be  supposed,  rickety  bones  become  unusually  dense  in 
later  life,  and  it  happens  frequently  that  if  the  permanent  deformity 
be  great,  the  muscular  system  is  correspondingly  over-developed. 


Chemical  Analysis  of  the  Bones  in  Rickets. 

If  examined  when  the  disease  is  at  its  worst,  the  bones,  from  the 
deficiency  in  earthy  salts,  will  be  found  to  be  specifically  light.  The 
water  and  organic  matter  within  them  is  increased.  The  fat  also 
seems  to  be  considerably  over  the  average,  but  is  not  in  so  great 
quantity  as  in  mollities  ossium.  Halliburton  says  (No.  568,  p.  511) 
that  occasionally  they  do  not  peld  normal  gelatine. 

The  following  table  taken  from  various  analyses  (quoted  from 
Charles*  PhysioL  and  Path,  Chem,  p.  305)  gives  the  relative  composition 
of  the  bones  in  rickets  and  in  the  normal  bone  of  a  child : — 


Healthy  Bones 

OF  Child. 

RHACHmc  Bones. 

In  200  Parte. 

Aged  2  months  (v.  BibraX 

Tibia. 

Ulna. 

Femur. 

Tibia. 

Humems, 

Inorganic  matters 

(Marchand). 

(LehmannX 

(R*«8ky). 

65-32      1     6-A07 

20-60 

83-64 

18-88 

Organic  matters 
Calcium  phosphate 
Magnesium  phosphate 

34-68      1     35-93 

79-40 

66-36 

81-12 

57-54 

56-35 

14-78 

26-94 

}  15-60 

1-03 

1-00 

0-80 

0-81 

Calcium  carbonate 

6-02 

6-07 

8  00 

4-88 

2-66 

Soluble  salts 

0-73 

1-65 

1-02 

1-08 

0-62 

Calcium  fluoride  and  loss 

- 

- 

1-00 

0-99 

Collagen  or  ossein 

33-86     1     34-92 

72-20 

60-14 

-81-12 

Fats 

0-82     '       1-01 

7-20 

6-22 

J 
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Essential  Pathology  of  Rickets, 

There  are  several  possibilities.  Thus  it  might  be  (1)  that  there  is 
something  inherently  wrong  in  the  secretive  activity  of  the  osteoblasts ; 
(2)  that  there  is  a  deficiency  in  the  earthy  salts,  and  more  particularly 
the  phosphates  contained  in  the  food ;  or  (3)  that  the  essential  salts 
are  not  absorbed  from  the  digestive  tract.  All  these  theories  have 
had  their  champions,  but  as  yet  it  may  be  said  that  no  very  conclusive 
arguments  have  been  adduced  for  the  one  or  the  other.  Of  them  all, 
the  first,  that  which  presupposes  an  inherent  metabolic  defect  in  the 
osteoblasts,  seems  the  most  feasible.  The  osteoblast  is  so  closely  re- 
lated to  the  ordinary  fibroblast  that  it  is  quite  conceivable  it  might  lose 
its  true  bone-forming  properties,  and  revert  to  what  has  in  all  proba- 
bility been  its  primitive  type. 

Of  course  if  bone  salts  are  totally  withheld  from  the  food  the  bones 
will  suffer.  Thus  Lehmann  (No.  569,  1878,  p.  495,  reported  in  No. 
570,  1878,  p.  987)  found  that  a  young  pig  fed  exclusively  on  potatoes 
developed  softening  of  the  bones  after  an  interval  of  126  days.  They 
remained,  as  might  be  expected,  soft,  translucent,  and  pliable.  It  is 
to  be  questioned  very  much,  however,  whether  a  habit  of  body  so 
induced  is  comparable  with  that  of  rickets.  In  rickets  there  seems  to 
be  some  deeper-seated  defect  in  the  bone-secreting  mechanism  than 
can  be  accounted  for  by  mere  abstention  from  the  necessary  salts. 
This  is  borne  out  by  the  almost  complete  want  of  success  following 
the  administration  of  bone  salts  medicinally  even  in  excess. 

The  connection  of  the  disease  with  syphilis  has  often  been  mooted 
but  never  conclusively  proven.  The  conditions  which  engender  and 
perpetuate  the  disease  appear  to  be  those  which  may  be  included  under 
the  term  had  hygienic  surroundings.  The  disease  is  most  rife  among 
the  denizens  of  the  slums  of  large  cities ;  it  is  almost  unknown  where 
the  conditions  of  life  approach  ideal  perfection.  The  rickety  constitu- 
tion seems  to  be  distinctly  hereditary. 

It  should  be  mentioned,  as  tending  to  disprove  the  syphilitic  theory 
of  the  disease,  that  rickets  is  common  in  the  lower  animals  such  as 
the  calf,  pig,  and  especially  the  dog.  It  commences  usually  within  a 
few  weeks  after  birth. 


FcETAL  KiCKETS  (see  Cretinism). 

LUcraiure  on  Jtickets.-^Kirchherg  and  Marchand  (Fcetal,  with  Numerous  Re- 
ferences) :  Beitriige  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler),  v.  1889.  Neumann : 
Ueb.  foBtale  Rachitis,  1881.  Pommer:  Osteomalachie  u.  Rachitis,  1885.  Roloff 
(in  Animals) :  Arch.  f.  path.  Anat.,  xxxvii.  1866,  p.  438.  Schiitz  (in  Dog) :  Arch. 
f.  path.  Anat,  xlvi.  1869,  p.  350.  Smith :  Internat.  Encycl.  Surg.  (Ashuret),  i. 
1882,  p.  251.  Stiebel:  Virchow's  Handb.  d.  spec.  Path.  u.  Therap.,  i.  1854,  p. 
527.     Virchow:  Arch.  f.  path.  Anat.,  v.  1853,  p.  409. 


CHAPTEK    LXXXIX 

DISEASES  OF  BONE  AND  JOINTS— (Conhntterf) 

MOLLITIES   OSSIUM,   OSTKOMALACHIA   OR   MaLACOSTEON. 

1041.  This  disense  is  sometimes  called  adult  rickets.  With  the 
exception,  however,  of  the  bone  salts  being  deficient  both  in  mala- 
costeon  and  rickets,  and  thus  allowing  of  the  bones  bending,  there  is 
nothing  to  lead  one  to  suppose  that  they  have  much  in  common.  It 
appears  to  be  peculiar  to  women  who  are  pregnant  or  who  have  already 
borne  a  child.  It  is  continually  mistaken  for  fragilitas  ossium,  a 
disease  in  which  the  bone  becomes  unusually  fragile  and  breaks.  The 
published  accoimts  of  the  puerperal  disease  do  not  indicate  that  the 
bones  are  particularly  fragile,  but  rather  that  they  bend  like  a  rickety 
bone  and  become  distorted.  So  great  is  the  distortion  that  sometimes 
the  bones  of  the  inferior  extremity  may  be  capable  of  being  twined 
round  the  neck  of  the  individual.  Fragilitas  ossium,  on  the  contrary, 
is  not  necessarily,  nor  is  it  generally,  accompanied  by  distortion.  The 
moUities  of  child-bearing  women  seems  to  possess  characters  of  its 
own  which  do  not  exactly  run  parallel  with  any  other  form  of  bone 
affection. 

It  is  essentially  a  disease  of  adult  life,  coming  on  usually  from 
twenty-five  to  thirty-five  years  of  age,  and  has  a  predilection  for  the 
flat  bones  such  as  those  of  the  pelvis,  and  for  those  of  the  trunk.  In 
certain  instances  nearly  every  bone  in  the  body  may  be  the  subject  of 
it  Up  till  the  time  of  onset  the  bones  generally  may  have  been 
healthy  enough. 

The  disease  commences  in  the  pelvic  bones.  They  become  softened 
gradually,  but  to  such  an  extent  that  they  yield  to  strain  and  assume 
characteristic  deformities.  Perhaps  the  most  disastrous  is  that  of  the 
pelvis.  The  acetabulum  is  driven  in  by  the  head  of  the  femur,  and 
the  lumbar  vertebwe  are  pushed  forwards  and  downwards.  In  this 
position  the  bones  become  permanently  fixed,  the  deformity  interfering 
seriously  with  parturition.  There  is  not  the  same  tendency  to  this 
deformity  in  rickets,  because  very  often  the  child  is  not  walking  at 
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the  time  of  the  attack,  and  hence  the  acetabulum  is  not  driven  in- 
wards. 

The  disease  is  usually  aggravated  by  successive  pregnancies.  The 
future  of  the  individual  is  not  hopeless  ;  the  disease  may  be  arrested. 
A  large  proportion,  however,  of  the  subjects  of  the  disease  die  from 
the  complications  of  labour  caused  by  the  deformities,  many  from  in- 
terference with  respiration,  caused  by  deformity  of  the  chest  and  spine, 
complicated  with  general  malnutrition. 

There  is  diflSculty  in  finding  a  reliable  account  of  the  general  condi- 
tion of  the  bone  in  this  puerperal  disease.  The  bone  is  usually  described 
as  being  of  a  peculiar  wax-like  consistence,  so  that  in  severe  cases  it 
may  be  bent  like  one  which  has  been  decalcified.  The  medulla  is  also 
described  as  being  red  from  congestion,  so  much  so  that  the  disease 
has  been  regarded  (Litzmann)  as  of  inflammatory  origin.  The  presence 
of  an  excess  of  oil  in  the  bone  seems  to  be  admitted  on  all  hands. 

As  regards  the  histological  appearances,  data  are  equally  unsatis- 
factiory.  The  general  impression  is  that  the  halistei'ms  or  absorption 
of  lime  salts  commences  at  the  edge  of  the  trabeculse  and  proceeds  in- 
wards. The  author  is  also  unaware  of  a  reliable  comparative  analysis 
of  the  bones  in  this  disease. 

There  is  nothing  known  of  its  intimate  pathology.  It  has  been 
asserted,  but  the  theory  seems  very  crude,  that  the  foetus  absorbs  the 
bone  salts  necessary  for  the  maintenance  of  the  maternal  bone. 


Fragilitas  Ossium. 

1042.  The  most  prominent  feature  of  this  disease  is  the  biscuit-like 
brittleness  of  the  bones ;  so  extreme  is  this  that  they  fracture  on  the 
slightest  strain.  It  is  common  among  old  people,  in  the  inmates  of 
asylums  for  the  insane,  and  very  often  in  those  who  have  suffered  and 
it  may  be  died  from  cancerous  or  sarcomatous  disease.  Of  all  the 
bones  in  the  body  the  ribs  are  those  which  suffer  most,  but  the  long 
bones  of  the  limbs  and  the  vertebrae  are  also  often  contemporaneously 
affected.  The  humerus  may  snap  across  on  being  bent  between  the 
two  hands. 

The  bone  seems  to  be  particularly  porous  internally,  and  the  dense 
casing  of  periosteal  bone  is  attenuated.  The  brittleness  does  not 
appear  to  reside  so  much  in  a  want  of  bone  salts  as  in  an  extreme  rare- 
faction of  the  bone.  Hence  the  bone  becomes  brittle  without  being 
much  bent 

Histologically,  Langendorff  and  Mommsen  (No.  13,  Ixix.  1877,  p. 
474)  make  out  that  there  is  dilatation  of  the  Haversian  canals,  which 
in  part  are  transformed  into  medullary  spaces.  The  cement  lines  (v. 
Ebner)  which  intervene  and  map  out  the  borders  of  the  Haversian 
systems  have  almost  vanished.  The  borders  of  the  trabeculee  of  bone 
stain  red  with  carmine,  probably  owing  to  their  being  deprived  of  their 
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calcic  salts.     It  is  usually  said  that  during  the  progress  of  the  disease 


i.- 


Fio.  519.— Fraoilitas  Ossium  in  Adult  Male.     Section  of  the  HuliKRCst 
(Hartn.  Syst.  VII.,  Oc.  3). 

(a,  a)  Dilated  Haversian  spaces  with  cross-cut  vessels ;  (h)  bone  substance ;  (c)  polynucleated  cells 
and  Howship  spaces  ;  (rf)  spindle-shaped  elements  ;  (e)  indistinct  cement  lines. 

the  bone  marrow  is  red  and  hyperaemic,  full  of  cells  and  poor  in  fat ; 
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but  that  when  stationary  it  becomes  yellow,  loaded  with  fat,  and, 
lastly,  transformed  into  a  hyaline  gelatinous  tissue.     When  red  it 


t^: 


.c 


Fio.  520.— Fraoilitas  Ossium  in  Adult  Man  (Hartn.  Syst.  IV.,  Oc.  3). 
(a,  o)  Dilated  Haversian  spaces ;  (b  6,  c  r,  and  d  d)  bone  texture. 


comes  to  resemble  foetal  marrow  (Virchow).  In  the  case  examined  by 
Langendorff  and  Mommsen,  that  of  a  man  with  multiple  fractures,  the 
yellow  man-ow  where  it  prevailed  was  not  abnormal,  while  the  red 
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marrow  was  infiltrated  with  numerous  round  cells.  Giant-cells  were 
contained  in  the  dilat^ed  Haversian  canals  (Fig.  519).  Cyst-like  cavities 
were  also  found,  the  largest  of  which  were  lined  by  a  membrane  and 
contained  a  clear  alkaline  fluid.  The  small  cysts  were  filled  with  a 
rust-brown  coloured  liquid  containing  granular  matter  and  fat  drops. 
He  thinks  that  these  cysts  were  due  to  haemorrhage.  In  some  cases 
of  fragilitas  ossium  or  osteomalachia,  as  he  calls  it,  there  was  an  absence 
of  giant-cells.  Parts  of  the  bone  showed  the  trabeculae  to  be  purely 
fibrous  (Fig.  520).  Weber  (No.  13,  xxxviii  1867,  p.  3)  stated  that 
after  the  salte  are  removed  a  fibro-cartilaginous  texture  remains  which 
may  be  in  a  state  of  proliferation  and  occasion  a  species  of  enchondro- 
matous  degeneration  of  the  bone. 

The  disease  would  thus  appear  to  be  one  in  which  the  bone  salts 
are  partially  removed,  but  in  which  subsequently  a  rarefaction  of  the 
bone  ensues  by  distension  of  its  Haversian  canals.  The  spaces  thus 
formed  in  course  of  time  come  to  be  filled  with  medulla  containing 
much  fat 

It  might  be  expected  that  during  the  height  of  the  disease  the 
urine  would  be  loaded  with  bone  salts.  Litzmann  stated  that,  in 
several  cases,  he  found  it  rich  in  phosphate  and  carbonate  of  lime.  A 
white  chalky  sediment  separated  from  it,  which  in  one  case  dissolved 
with  efiBrvescence  on  addition  of  a  mineral  acid.  Confirmatory  state- 
ments have  been  made  by  Weber  and  Billroth.  Other  observers,  how- 
ever, have  not  been  able  to  verify  these  assertions.  Thus  Moers  and 
Muck  could  never  find  increased  excretion  of  lime  in  three  cases  they 
had  under  observation.  Langendorff  and  Mommsen,  in  their  case, 
never  found  the  amount  of  lime  altered. 

Theory  of  its  Pathology. — It  has  been  asserted  that  the  cause 
of  the  removal  of  the  bone  salts  is  the  presence  of  an  acid  in  the  part 
In  two  cases  examined  by  Weber  (No.  13,  xxxviii.  1867,  p.  10)  it  was 
asserted  that  the  medulla  of  the  bone  gave  an  acid  reaction  from  the 
presence  of  lactic  acid.  It  was  in  considerable  quantity  and  readily 
combined  with  zinc  oxide.  It  has  also  been  asserted  to  be  present  in 
the  urine,  but  this  may  have  been  accidental,  as  lactic  acid  is  a  common 
constituent  of  urine. 

Chemical  Analysis. — Langendorfi*  and  Mommsen  (No.  13,  Ixix. 
1877,  p.  471)  give  the  following  relative  analysis  of  normal  bone  and 
of  that  from  the  case  just  referred  to.  The  normal  bones  used  for 
comparison  were  as  nearly  as  possible  imder  the  same  conditions  as 
those  affected  with  the  disease  : — 

Norm.  Bone.         Osteom.  Bone. 
Total  weight  of  bone  examined        138663  11-7143  Gr. 

Out  of  100  parts  they  obtained  of 

Norm.  Malac 

Fat  ...  .  24-31  60-38 

Bone  deprived  of  its  fat     .  75*69  39-62 
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Norm. 

Malac. 

54-24 

37-8 

45-76 

62-2 

Out  of  100  pai-ts  of      f  Ash 
Bone  deprived  of  its  fat  (  Organ.  Sub. 

They   estimated   the  phosphoric  acid   and   lime   in   the  ash  by 
weighing,  and  found — 

Norm.  Bones. 


Ash 

, 

1-7484 

In  100  parts 

CaO 

, 

0-9276 

5305 

PO, 

, 

0-7680 

43-93 

Residue  not 

analysed 

0-0528 
Osteom.  Bones. 

3-02 

Ash 

0-9422 

In  100  parts 

CaO 

, 

0*4190 

44-48 

PO, 

, 

0-3275 

34-76 

Residue 

. 

0-1957 

20-76 

The  above  point  in  particular  to  two  facts,  namely,  that  the 
amount  of  fat  contained  in  the  bones  of  osteomalachia  is  vastly 
increased,  while  that  of  the  lime  is  sensibly  diminished. 

LUeralure  on  OsUoinalaehia  and  Fragilitas  Ossixim. — Dowse :  Trans.  Path.  Soc 
Lond.,  xxiii.  1872,  p.  186.  Duncan  (j.  M.)  [Rickety  and  Malacosteon  Pelvis]: 
Edin.  Med.  Journ.,  i.  1856,  p.  917.  Gibb  (Chemical  Constituents  in) :  Trans.  Path. 
Soc.  Lond.«  xiii.  1862,  p.  210.  Heitzmann  (Feeding  with  Lactic  Acid):  Maly's 
Jahresbericht,  iii.  1874,  p.  229.  Langfendoiiff  and  Mommsen :  Arch.  f.  path. 
Anat.,  Ixix.  1877,  p.  452.  Lindsay  (in  Insane) :  Edin.  Med.  Journ.,  xvi.  1870,  p.  414. 
Litzmann:  Die  Formen  des  Beckens,  1861  {Eng.  Transl,  by  M.  Duncan,  Edin. 
Med.  Joum.,  vii.  1862,  p.  453).  Moers  and  Muck:  Deut.  Arch.  f.  kliu.  Med.,  v. 
1869,  p.  485.  Pommer:  Uutersuch.  iib.  Osteomalachie  u.  Rachitis,  1885.  Rib- 
bert  (Senile):  Arch.  f.  path.  Anat,  Ixxx.  1880,  p.  436.  Roloff:  Arch.  f.  path. 
Anat.,  xxxvii.  1866,  p.  433  ;  Ibid.,  xlvi.  1869,  p.  305.  Schmidt  (Lactic  Acid  in 
Bones) :  Ann.  d.  chemie  u.  Phar.,  Ixi.  1847,  p.  142.  Schmuzigfer  (Urine  in  Puer- 
peral):  Centralbl.  f.  d.  med.  Wissensch.,  xiiL  1875,  p.  946.  Senator:  Cycl. 
Fract.  Med.  (v.  Ziemssen),  Eng.  Transl.,  xvL  1877,  p.  209.  Shattack:  Trans. 
Path.  Soc  Lond.,  xxxviii.  1887,  p.  270.  Weber  (Chemistry  of):  Arch.  f.  path. 
Anat,  xxxviii.  1867,  p.  1. 

Osteosclerosis. 

1043.  A  sclerous  condition  of  bone  has  already  been  referred  to 
as  resulting  from  osteitis  (p.  826).  It  happens  frequently  that  a  bone 
which  has  become  unusually  porous  from  rarefying  osteitis  increases 
correspondingly  in  density  as  the  inflammation  subsides. 

There  is  a  peculiar  disease,  however,  and  one  which  affects  chiefly 
the  bones  of  the  skull,  in  which  a  sclerotic  state  of  the  bone  ensues 
without  any  distinct  evidence  of  inflammation.  It  has  been  termed 
hyperostosis  cranii  or  cranio-sderosis.  It  appears  to  com- 
mence in  the  bones  of  the  vault  and  subsequently  spreads  to  those  of 
the  face. 
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The  bone  is  so  thickened  that  it  may  measure  from  1  to  2 
inches  on  section.  The  diploe  has  vanished  and  its  place  is  taken  by 
bone  of  unusually  great  density.     The  skull  is  much  increased  in 


Fio.  521. — OsTEO-ScLERosi.s.    Calvaria  ok  a  Man  who  died  with  all  the  Bones  or  the 

Skull  in  an  Ivorv-like  Condition. 

Tlie  diploii  was  entirely  converted  into  sclerous  bone. 

weight  and  has  the  ring  of  a  mass  of  ivory.  The  cranial  cavity  is 
encroached  upon  by  the  thickened  bone  and  the  orbits  similarlv 
become  progressively  narrowed  in  capacity.  The  nerves  and  vessels 
of  the  skull  suffer  compression,  so  that  sometimes  symptoms  in  accord- 
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ance  with  the  parts  affected  are  forthcoming.     In  other  cases,  how- 
ever, the  disease  proceeds  ahnost  ^dthout  a  single  symptom. 


OSTEO-POROSIS. 

1044.  This  also,  as  already  detailed  (p.  826),  may  result  locally 
from  inflammation  of  a  bone,  and  is  very  often  seen  in  the  heads 
of  bones  as  a  result  of  tul)erculosis  and  its  accompanying  vascular 
distension. 

There  is  a  general  disease,  however,  which  is  found  more  often  in 
the  lower  animals  than  in  Man,  where  the  bones  appear  to  become 
rarefied  and  spongy  without  any  very  apparent  exciting  cause.  The 
horse  is  most  liable  to  the  disease,  and  the  bones  of  the  head  and  face 
are  often  the  seat  of  it. 

The  affected  bones  assume  a  swollen  appearance ;  their  angles  are 
rounded  off;  and  the  head  consequently  increases  in  dimensions.  So 
far  as  the  author  is  aware,  there  is  no  very  reliable  account  existing 
of  the  minute  changes  in  the  bone  in  this  disease. 


Syphilitic  Disease  of  Bone. 

1045.  As  in  other  parts,  syphilis  of  bone,  which  is  a  common 
disease  either  in  its  congenital  or  acquired  form,  manifests  itself  by  a 
more  or  less  chronic  inflammation.  This  inflammation  is  followed  by 
excessive  deposit  of  new  tissue,  by  the  formation  of  gummata,  and  by 
a  tendency  to  ulceration. 

In  the  majority  of  cases  the  disease  shows  itself  first  in  the 
periosteum,  and  may  remain  restricted  to  it.  Very  often,  however, 
the  bone  becomes  invaded  and  destroyed.  The  periosteitis  in  such 
cases  is  characterised  by  the  inflammatory  tissue  tending  to  accumu- 
late in  foci,  so  that  nodular  thickenings  come  to  lie  in  the  substance 
of  the  membrane  or  between  it  and  the  surface  of  the  bone.  These 
are  known  as  syphilitic  nodes.  Their  centres  frequently  caseate 
and  become  converted  into  yellow  gummata. 

Syphilitic  osteitis  affects  chiefly  the  bones  of  the  calvaria,  the  nasal 
bones,  clavicles,  and  occasionally  the  long  bones  of  the  extremities 
such  as  the  tibia.  It  commences  as  a  periosteitis  which  gradually 
implicates  the  bone  substance.  The  bone  becomes  very  dense  and 
sclerous ;  the  diploe  disappears,  and  the  medullary  canal  of  the  long 
bones  is  encroached  upon  by  the  sclerous  surroundings.  The  thicken- 
ing which  occurs  in  the  bone  is  not  universal,  but  is  distributed  in 
patches  on  a  flat  bone  or  forms  a  fusiform  thickening  throughout  the 
entire  circumference  of  a  long  bone.  The  hard  bone  tissue  now 
l^egins  to  ulcerate  from  the  surface  inwards.  At  first  there  is  a  mere 
roughness  of  the  surface  from  minute  erosions  upon  it  like  Howship's 
lacunae,  only  not  so  sharply  punched  out.     The  destruction  proceeds 
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deeply  into  the  dense  basis,  and  finally  may  perforate  in  the  case  of 
the  skull  or  open  into  the  medullary  cavity  of  a  long  bone.  The 
destruction,  to  begin  with,  is  gradual,  but  after  a  time  a  sequestrum 


Fio.  522.— Syphilitic  Skull.    View  of  Side  or  the  Skull  of  a  Boy  who  died  from 
Hereditary  Syphilis. 

The  outer  table  and  diploc  are  seen  to  be  widely  destroyed,  and  at  one  spot  perforation  has 

occurred. 

may  separate  owing  to  the  bone  having  been  deprived  of  its  perios- 
teum. The  pus  and  debris  resulting  from  the  disintegration  of  the 
bone  tissue  tend  to  accumulate  under  the  periosteum  and  to  force  it 
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upwards  into  a  sac.  The  bone  may  thus  be  laid  bare  for  a  distance 
of  an  inch  to  an  inch  and  a  half  round  the  ulcerated  part,  and  this 
exposed  bone  may  die  and  be  thrown  out  in  mass.  The  ulceration 
may  have  proceeded  for  long  before  the  skin  becomes  perforated,  but 
in  course  of  time  the  products  of  destruction  find  their  way  to  the 
surface  and  perforate.  They  thus  form  a  syphilitic  sinus.  The 
opening  in  the  skin  is  not  usually  so  large  as  the  ulcerated  surface  of 
the  bone. 

When  the  medullary  cavity  is  perforated  the  discharge  from  the 
ulcerated  part  may  accumulate  within  it,  and  become  inspissated  so  as 
to  present  the  appearance  of  a  carious  mass.  Particles  of  bone  are 
included  among  the  debris,  and  the  term  syphilitic  caries  is  some- 
times applied  to  the  condition. 

The  amount  of  pus  thrown  off  from  a  syphilitic  bone  is  sometimes 
very  small.  It  is  said  that  the  calvaria  may  become  perforated  with- 
out almost  a  drop  of  pus  presenting  itself. 

Where  the  skull  is  perforated  the  adjacent  dura  mater  lies 
exposed  in  the  depth  of  the  wound,  and  death  may  result  from 
meningitis  (see  p.  568).  This  accident  is,  however,  often  warded 
off  by  the  dura  becoming  very  closely  adherent  to  the  sides  of  the 
vacuity. 

The  bone  which  is  lost  by  ulceration  never  seems  to  be  reformed. 
Cicatrisation  of  the  surrounding  soft  parts  takes  place,  and  they 
become  puckered  down  to  the  floor  of  the  ulcer.  There  remains,  how- 
ever, a  distinct  dimple -like  or  cup -shaped  depression  in  the  bone. 
When  this  occurs  the  destructive  ulceration  ceases,  and  often  no 
further  trouble  is  experienced.  Even  where  the  skull  has  been 
extensively  eaten  into,  the  individual  may  live  into  old  age,  but  always 
with  the  mark  of  his  early  infirmity  indelibly  printed  upon  the  part. 

Syphilitic  disease  of  the  joints  is  not  so  common  an  ailment 
as  that  of  the  periosteum  and  bone.  When  the  disease  has  been 
acquired  it  may  take  the  form,  either  in  the  secondary  or  tertiary 
stage,  of  an  acute  or  subacute  serous  effusion.  Sometimes  a  true 
gummatous  inflammation  of  the  capsule  shows  itself  in  the  tertiary 
stage ;  or  the  joint  may  become  inflamed  secondarily  to  a  syphilitic 
inflammation  of  the  bone  or  periosteum.  In  hereditary  syphilis  the 
disease  much  more  often  assumes  the  epiphysial  type  seen  in  children 
(p.  846).  In  this  the  joint  may  become  secondarily  implicated 
(SchiiUer,  No.  92,  xxviii.  1882,  p.  473). 

In  Children. — Syphilis  is  a  rare  bone  disease  in  the  newly-born. 
Out  of  a  series  of  forty  instances  of  children  undoubtedly  syphilitic  at 
birth  annotated  by  Wegner  (No.  13,  1.  1870,  p.  306)  at  the  Charity 
of  Berlin,  there  were  only  two  in  which  disease  of  the  bones  of  the 
skull  was  noticed.  Disease  of  the  long  bones  was  commoner.  A 
common  syphilitic  affection  of  the  periosteum  in  children  is  that 
of  gumma-Hke  nodules  about  the  size  of  a  millet- seed  or  lentil. 
They  are  hard  and  yellow,  and  either  lie  embedded  in  the  substance 
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of   the   membrane  or  project  from   it.     They  are  often  situated  in 
the  frontal  or  occipital  region. 

When  syphilis  has  shown  itself  indubitably  in  the  infant,  the  bones,  according 
to  the  above  authority  (p.  308),  may  in  course  of  time  become  affected  as  follows : — 

In  the  first  stage  the  chief  deformity  is  in  the  border  line  between  the  epiphysis 
and  diaphysis.  This  is  broader  than  in  a  healthy  bone,  and  the  increased  breadth 
is  due  chiefly  to  the  unusually  great  dimensions  of  the  area  of  cartilaginous 
calcification. 

In  the  second  stage  not  only  is  this  area  of  calcified  cartilage  even  more  extensive, 
but  it  has  a  peculiarly  irregular  margin  on  the  epiphysial  side,  owing  to  there  being 
irregular  islands  or  peninsulas  of  calcification  extending  into  the  cartilaginous 
substance.  Examined  microscopically,  the  rows  of  cartilage  cells  are  seen  to  be 
unusually  prolific,  while  the  intervening  matrix  is  meagrely  developed  ;  blood-vessels 
are  exuberant  within  the  calcified  cartilage,  and  there  is  evident  delay  in  the  con- 
version of  this  into  true  bone  tissue. 

In  the  third  stage  the  affected  joints  as  well  as  the  border  zone  between 
the  epiphysis  and  bone  assume  a  rickety  appearance.  The  perichondrium  and 
periosteum  at  the  epiphysial  margins  become  thickened.  Microscopically,  the 
appearances  are  those  noticed  in  the  second  stage  in  a  state  of  exaggeration,  and  in 
addition,  within  the  zone  of  calcified  cartilage,  there  are  portions  of  caseous 
(gummatous  ?)  tissue. 

Literature  on  Syphilitic  Disease  of  Bone  and  Joints, — Bowlby  (Syphilitic) :  St, 
Barth.  Hosp.  Rep.,  xxvi.  1890,  p.  83.     Haab:  Arch.  f.  path.  Anat,  Ixv.  1875, 

L366.  Hamilton  (J.) :  Lectures  on  Syphilitic  Osteitis  and  Periosteitis,  1874. 
aderer  (Syphilitic):  Arch.  f.  klin.  Chin,  xxx.  1884,  p.  217.  Muller:  Arch.  f. 
path.  Anat,  xcii  1883,  p.  532.  Parrot  (J.):  Arch.  d.  physiol.  norm,  et  path.,  iv. 
1871-72,  p.  319  et  seq.  ;  Ibid.,  iii.  1876,  p.  133  ;  also  (in  iN'ewly  Bom),  Bull.  Soc. 
Anat  de  Paris,  xlviii.  1873,  p.  92;  Ibid.,  1.  p.  470.  Rasch :  Arch.  f.  Dermatol. 
w.  Syph.,  xxiii.  1891,  p.  91.  Schiiller  (Syphilitic) :  Arch.  f.  klin.  Chir.,  xxviii. 
1882,  p.  473.  Stewart:  Illust  Med.  News,  iii.  1889,  p.  289.  Stilling:  Arch.  f. 
path.  Anat,  Ixxxviii.  1882,  p.  609.  Taylor:  Syph.  Lesions  of  the  Osseous  System 
in  Infants  and  Young  Children,  1875.  Veraeuth:  Arch.  f.  path.  Anat,  Ixxxiv, 
1881,  p.  325.  Virchow  (Syphilitic) :  Berl.  klin.  Wochnschr.,  xxL  1884,  p.  534. 
Weg:ner:  Arch.  f.  path.  Anat,  1.  1870,  p.  305. 


Tubercle  of  Bone  and  Joints. 

Tlie  Structure  and  Connectioiis  of  Sijrwvial  Membranes  and  of  the 
Capsides  of  Joints. 

1046.  The  synovial  membranes,  it  will  be  remembered,  are  inseparably  attached 
to  the  capsule  of  the  joint  externally,  while  internally  they  are  smooth  and  free. 
They  are  composed  of  white  fibrous  tissue  bundles,  with  a  certain  admixture  of 
yellow  elastic  fibres.  The  attachment  to  the  capsule  of  the  joint  is  effected  through 
a  layer  of  somewhat  loose  areolar  tissue,  with  occasional  fat  and  cartilage  cells  in  it 
This  layer  contains  many  blood-vessels,  whose  capillaries  penetrate  to  the  substance 
proper  of  the  membrane.  The  joint  surface  of  the  membrane  is  covered  by  a  layer 
of  rounded  or  polygonal  endothelial  cells. 

On  their  inner  surfaces  there  are  certain  folds  and  projections  of  considerable 
pathological  importance.  They  are  known  as  plicae  synoviales.  Some  of  them 
are  mere  vascular  ridges  of  fat,  and  are  known  as  plica  adiposae,  s.  glandtUm 
Havcrsianae.   Others  are  more  exclusively  vascular — Plica  vaseulosss—&nd  are  present 
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in  all  joints.  They  are  located  at  the  borders  of  the  cartilages.  They  are  often 
branched,  and  are  composed  of  an  artery  and  vein  bound  together  by  white  fibrous 
tissue  and  a  few  cartilage  cells.  A  nerve  also  runs  into  them.  The  main  vessels 
split  up  into  a  fine  capillary  plexus.  Projecting  from  their  free  extremities  are 
smaller  villus-like  bodies— the  synovial  villi.  They  re})eat  very  much  the  structure 
of  the  plicffi  vaseulosfe,  but  from  them  often  a  delicate  thread-like  connective  tissue 
process  is  pushed  into  the  joint,  whose  substance  at  the  fi-ee  extremity  is  conijwsed 
of  mucoid  tissue. 

Beneath  the  endothelium  of  the  membrane  lies  an  abundant  plexus  of  lymph- 
spaces. 

The  synovial  membrane  ceases  at  the  margin  of  the  articular  cartilages.  The 
texture  of  the  one  jwusses  insensibly  into  that  of  tlie  other.  The  cartilages  are  devoid 
of  endothelial  investment.     On  the  surface  of  certain  articular  cartilages,  however, 


Fig.  523.— TiBERti.E  of  Neck  of  Femir  in  an  Eicht-yearh-old  Boy. 
Tlie  dark  line>i  indicate  the  direction  in  which  resection  was  jiractised. 

according  to  Weichselbaum  (No.  12,  Ixxv.  Ab.  III.  H.  1-5,  1877,  p.  204),  more 
particularly  those  of  the  heads  of  the  humerus  and  femur,  there  is  to  be  seen  a 
delicate  layer  of  tissue  which  looks  at  first  as  if  it  were  simply  the  dried  surface  of 
the  cartilage.  He  regards  it  as  the  remnant  of  the  synovial  membrane  which  at 
an  earlier  i>eriod  covered  the  cartilaginous  end  of  the  l>one. 

It  will  further  be  borne  in  mind  that  the  capsule  of  the  joint  is  mainly  a  fibrous 
texture,  but  that  it  contains  cartilage  cells  ;  and  that  it  is  continuous  witli  the  outer 
layer  of  jieriosteum. 

Hist(/ry  of  tlie  Subject  of  Tubercular  Conditions  of  Bone  and  Joints, 

Since  the  discovery  of  the  tubercle  bacillus,  the  pathology  of  many 
obscure    diseases    of   bone,  and    more    especially    those    which    were 
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formerly  known  as  strumous  bone  and  joint  affections,  has  been  com- 
pletely revolutionised.  These  so-called  strumous  affections  of  bone 
remain  local  for  months  or  years  without  setting  up  an  auto-infection 
of  other  organs,  hence  they  were  often  regarded  as  something  different 


from  ordinary  widespread  tuberculosis.  We  now  know  that  this 
localisation  in  a  particular  focus  in  the  body  is  one  of  the  characteristics 
of  the  tubercle  bacillus,  and  that  these  strumous  diseases  of  bone  and 
joint  are  in  reality  localised  tubercular  affections. 

The  tubercle  bacillus  is  not  always  so  easy  to  find  within  such 
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affected  parts,  but  can  be  demonstrated  on  sufficiently  diligent  search 
being  made,  particularly  in  the  commencement  of  the  disease.  Later 
on  tubercle  bacilli  are  found  only  here  and  there,  so  much  so  that 
Cheyne  (No.  6,  1891,  i.  p.  743)  supposes  them  to  undergo  some 
alteration  whereby  they  stain  less  readily  than  in  other  situations. 
Injection  of  a  pure  culture  of  tubercle  bacilli  into  the  joint  directly  or 
into  the  nutrient  artery  of  the  bone  excites  in  the  bone  and  joint  a 
fungating  disease  analogous  to  that  which  is  now  held  to  be  indicative 
of  a  tubercidosis. 

Konig  (No.  43,  viiL  1871,  p.  229)  and  Volkmann  (No.  114,  No.  clxix., 
Chir.  No.  li.)  were  the  first  to  assert  the  tubercular  nature  of  these  diseases  of 
joints,  and  this  mainly  from  the  purely  histological  characters  of  the  affected  parts. 
Their  observations  were  made  long  before  the  tubercle  bacillus  was  discovered.  What 
they  asserted  has  been  amply  confirmed  since  the  true  pathology  of  tuberctilosis 
became  known.  Konig  established  that  many  instances  of  cheesy  suppuration  of 
joints  were  to  be  explained  by  the  presence  of  tubercular  deposit  in  the  synovial 
membrane  ;  and  that  bodies  having  all  the  histological  characteristics  of  tubercle 
were  to  be  found  in  the  fungating  granulations  of  joint-sinuses. 

The  term  caries  is  one  which  has  long  been  in  use  to  designate  a  peculiar 
broken-down  and  disintegrated  condition  of  a  bone.  The  bone  becomes  softened  and 
rarefied,  while  its  interstices  are  filled  probably  with  half-purulent  discharge  contain- 
ing much  granular  and  oily  debris.  Before  we  were  possessed  of  a  definite  knowledge 
of  either  the  histological  or  parasitical  features  of  tubercle,  Volkmann  (No.  92,  iv. 
1863,  p.  454)  described  it  as  an  ulcerative  destruction  of  hone  tissue  accompanied  by 
the  discharge  of  sanies  and  pus.  The  red  fungating  softening  which  accompanies  such 
a  condition  of  bone  he  regarded  as  something  different  from  the  caries  itself.  It  had, 
according  to  his  notions  at  that  time,  more  the  character  of  an  osteitis. 

These  views,  however,  wei-e  renounced  by  him  at  a  later  period,  when  he  recognised 
that  caries,  so  called,  and  its  surrounding  fungating  granulation  tissue  wei*e  not  in 
themselves  evidence  of  separate  diseases,  but  were  simply  part  and  parcel  of  one 
disease — and  that  tuberculosis. 

The  terms  caries,  fungous  joints^  strunious  affectiotis  of  hone,  white  swelling^  and 
so  on,  however  applicable  they  may  have  been  in  the  past,  must  now  be  regarded  as 
remnants  of  an  antiquated  pathological  nomenclature.  The  diseases  to  which  they 
are  applied  are  all  manifestations  of  tuberculosis. 


Morbid  Appearances. 

The  disease  usually  shows  itself  within  short  cancellous  bones 
such  as  those  of  the  wrist,  ankle,  or  vertebral  column.  Their  can- 
cellous interior  seems  to  favour  its  development.  The  ends  of  the 
long^  bones  abutting  upon  the  knee,  elbow,  and  hip  joints  are  also 
gelected  localities.  The  middle  of  the  shaft  is  seldom  a  primary  seat 
of  tuberculosis.     The  flat  bones  enjoy  a  peculiar  immunity. 

If  the  tubercular  part  of  the  bone  enters  into  the  formation  of  a 
joint,  the  synovial  membrane,  the  capsule,  and  it  may  be  the  suirounding 
fibrous  tissues  in  course  of  time  will  be  found  to  be  implicated.  The 
synovialis  and  the  joint  capsule  are  usually  profoundly  diseased.     The 
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inner  surface  of  the  former  is  either  covered  with  a  thick  layer  of 
jelly-like  fungating  granulations,  or  bunches  of  these  hang  from 
the  vascular  fringes.  Beneath  the  surface  the  parts  assume  a  gelatinous 
appearance  (gelatinous  degeneration),  probably  due  to  their  being 
infiltrated    with    mucin,   or   they   become   unusually    fibrous.      This 
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OF  THE  Bone. 


gelatinous  condition  of  the  fibrous  textures  of  the  joint  is  not  mere 
oedema;  the  liquid  cannot  be  squeezed  out  of  the  infiltrated  parts. 
It  resembles  more  the  state  of  the  subcutaneous  areolar  tissue  in 
myxoedema.  It  is  best  seen  in  tubercular  disease  of  the  knee,  elbow, 
and  ankle  joints. 

When  a  section  of  the  gelatinous  membranes  is  made,  smaU  gray 
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or  sometimes  yellow  points  are  noticed  lying  in  their  midst.  These 
prove  on  microscopic  examination  to  be  tubercles. 

The  soft  parts  of  the  joint  may  have  become  extensively  tubercular 
before  the  cartilages  show  much  alteration.  In  course  of  time,  how- 
ever, as  the  underlying  bone  substance  begins  to  f ungate,  they  ulcerate. 
Sometimes  they  are  destroyed  very  early  in  the  disease.  Where  the 
synovialis  and  capsule  of  the  joint  become  tubercular  and  infiltrated, 
the  condition  is  known  clinically  as  white  swelling. 

Founding  upon  the  fact  that  the  synovialis  is  so  much  involved, 
it  has  been  supposed  that  arthrodial  tuberculosis  usually  commences 
within  it.      From  this  view  Volkmann  (No.   114,  No.  clxix.,  Chir. 
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Fig.  526. — Fungous  Inflammation  of  Knee-Joint  with  Right- Angle  Anchylosis  in  a 
Young  Man.    Old  Tubercular  Nodule  in  the  Tibia. 


No.  li.)  early  dissented.  Although  he  does  not  deny  (p.  1423)  the 
existence  of  a  primary  tuberculosis  of  the  synovial  membrane,  he 
holds  that  its  frequency  has  been  overrated,  and  that  it  occurs  only 
in  adults.^ 

He  states  that  the  primary  tubercular  deposit  is  at  first  located  in 
the  end  of  the  bone,  and  that  the  disease,  consequently,  in  its 
commencement  is  an  osteopathy,  not  an  arthropathy.     The  deposit  is 

^  It  should  be  mentioned,  however,  that  recent  statistics  tend  to  raise  the 
relative  frequency  of  the  primary  synovial  disease  above  what  Volkmann  supposed 
(see  Cheyne,  No.  6,  1891,  i.  p.  739  tt  seq.).  All  depends  of  course  upon  the 
thoroughness  with  which  the  parts  are  examined,  a  matter  of  no  small  difficulty, 
and  the  stage  of  the  disease  in  which  the  examination  is  made. 
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often   small   and    easily   overlooked.      The   synovial    membrane  is 
secondarily  infected  from  this  primary  focus. 

The  deposit  in  the  bone  corresponds  in  structure  to  tubercle  else- 
where.    It  possesses  giant-cells,  is  circumscribed,  and  has  a  tendency 


■i 


Fio.  527.— Tubercular  Synovial  Membrane  from  the  Knee  in  a  Case  of  White  SwbiJ-'*** 

(X50   DiAMS.) 

(a)  Endotheliuiu  in  a  state  of  catarrhal  desquamation  on  the  surface  of  the  membrane ;  (b)J>*^' 
vessels  with  surrounding  small-cell  effusion  ;  (c)  small  tubercle  commencing  to  caseatc ;  (<0'*'^^ 
tubercle  ;  (<•,  e)  giant-cells  in  same  (Logwood,  Eosin,  and  ClarifledX 

to  caseate.  The  synovial  membrane  and  neighbouring  parts  are 
bestrewed  with  tubercles,  as  aforesaid,  and  show  sometimes  a  perf^*' 
reticular  tubercle  structure.     The  giant-cells  are  unusually  large- 

The  fungous  granulations  projecting  from  the  synovialis  ^ 
well  seen  on  placing  the  parts  in  water.     They  take  origin  in  the 
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villi  of  the  synovial  fringes.  They  have  a  red  or  pink  colour  and  are 
peculiarly  soft  and  oedematous.  Each  encloses  a  capiUary  loop,  and 
around  this  is  a  quantity  of  granulation  tissue.  Pus  is  discharged 
from  the  vascular  synovial  surface  which  accumulates  in  the  joint.  In 
course  of  time  it  makes  its  way  outwards  through  one  or  more 
sinuses,  and  the  sinuses  often  have  several  external  apertures. 
In  the  case  of  the  knee  such  a  sinus  frequently  opens  into  the 
popliteal  space. 

As  a  rvde,  the  primary  cheesy  tubercular  deposit  in  the  head  or 
neck  of  the  bone  softens  and  becomes  convei'ted  into  an  abscess-like 
cavity.  The  pus  from  this  makes  its  way  outwards  in  different 
directions,  or  may  burst  into  the  joint. 

In  the  latter  case  the  cartilages  give  way,  and  the  bare  end  of  the 
bone  protrudes  directly  into  the  cavity.  The  tissue  round  about  the 
tubercular  focus  becomes  luxuriantly  vascular  and  is  opened  out, 
probably  on  account  of  the  undue  vascularity,  so  as  to  constitute  a 
perfectly  porous  structure.  In  the  case  of  the  femur  the  head,  and  it 
may  be  the  neck,  of  the  bone  are  soon  destroyed. 

The  other  bones  entering  into  the  formation  of  the  joint  in  course 
of  time  become  infected.  Most  authors  assert  that  in  the  case  of  the 
hip  the  disease  commences  in  the  acetabulum.  Haberern  (quoted  by 
Cheyne,  Xo.  6,  1891,  i.  p.  739)  found  that  out  of  eighty  cases  where 
the  disease  was  primarily  located  in  the  bone,  in  fifty  it  was  confined 
to  the  acetabulum,  in  twenty-three  to  the  head  of  the  femur,  and  that 
it  was  present  in  both  in  seven.  Cheyne  states,  however,  that  in  his 
own  cases  those  in  which  the  disease  was  primary  in  the  acetabulum 
were  in  a  much  lower  proportion. 

The  line  of  infection  is  probably  through  the  ulcerated  cartilages. 
These  may  be  destroyed  either  by  an  effusion  underneath  them  or  they 
may  die  as  a  result  of  a  primary  pyo-arthros.  Volkmann  supposes 
that  in  the  latter  case  the  tuberculosis  has  nothing  to  do  with  their 
death  and  removal.  A  suppurating  joint  from  a  penetrating  woimd, 
he  says,  will  bring  about  a  like  disaster.  They  suffer  absorption  at 
several  points,  so  that  they  come  to  present  a  sieve-like  appearance. 

Within  the  apertures,  and  it  may  be  projecting  from  them,  are 
masses  of  granulations  connected  with  the  underlying  bone.  Ogston 
(No.  5,  X.  1875,  p.  61)  stated  that  the  cartilage  is  actually  converted 
into  the  granulation  tissue  by  a  proliferation  of  its  cells.  Fatty 
degeneration  as  a  cause  of  absorption  of  the  articular  cartilages  is  not 
nearly  so  common  as  is  generally  supposed  (Weichselbaum,  No.  12, 
Ixxv.  Ab.  m.  H.  1-5,  1877,  p.  228). 

Future  Course. — ^The  destruction  of  the  bone  often  leads  to  a 
true  or  pseudo-dislocation  of  its  head ;  and  the  bone  may  become 
permanently  fixed  in  a  new  position. 

The  disease,  although  tubercular,  often  has  an  inclination  to 
subside,  especially  where  the  cheesy  products  have  been  discharged 
and  the  loose  dead  bone  removed.     This  favourable  termination  is  to 
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be  looked  for  more  in  children  than  in  adults.  Fibrous  adhesions 
form  around  the  ends  and  a  ligamentous  anchylosis  completes  the 
consolidation  of  the  parts  into  what  may  be  a  comparatively  service- 
able limb.  The  limb,  however,  having  lost  one  of  its  epiphysial  con- 
nections, is  always  stunted,  and  in  the  case  of  the  lower  extremity  often 
hangs  as  a  useless  appendage.  There  is  comparatively  little  tendency 
to  auto-infection,  so  that  the  subject  of  the  disease  may  grow  up  into 
adult  life  and  live  out  his  or  her  strumous  tendency. 

Another  result  which  is  less  satisfactory,  and  which  is  met  with 
mostly  in  the  case  of  the  knee  and  elbow,  is  where  the  opened-out  and 
denuded  ends  of  the  bone  form  an  osseous  anchylosis  while  the  joint 
still  remains  tubercular. 

The  joint  in  such  cases  presents  a  rounded  globose  aspect  It  is 
peculiarly  blanched,  the  skin  tense  and  elastic,  and  there  may  be 
several  sinuses  upon  the  surface.  Some  of  these  have  probably 
healed,  the  cicatrix  being  deeply  puckered,  while  others  lie  in  the 
midst  of  a  bluish  pellicle  of  attenuated  integument  and  are  still  open. 
Their  margin  is  fringed  by  a  ring  of  granulations,  somewhat  pro- 
tuberant, and  in  the  centre  is  a  yellow  spot,  from  which  probably  some 
curdy  pus  is  exuding  or  can  be  pressed  out,  and  which  corresponds  to 
the  entrance  into  the  sinus.  A  probe  introduced  into  the  sinus 
probably  runs  down  to  a  rough  piece  of  bone. 

In  the  case  where,  for  instance,  the  knee  is  the  head-centre  of  the 
disease,  it  may  be  found  that  there  are  several  additional  sinuses,  or 
their  cicatrices  on  the  leg  or  in  the  neighbourhood  of  the  ankle.  The 
muscles  of  the  limb  are  wasted,  and  probably  the  ankle-joint  extended 
from  contraction  of  those  of  the  calf  of  the  leg.  It  is  almost  hopeless 
to  expect  that  recovery  will  take  place  under  these  circumstances,  and 
the  sooner  the  limb  is  removed  the  better  the  prospects  of  ultimate 
relief. 

The  Sinuses.  —  These  burrow  deeply  among  the  gelatinous 
structures  surrounding  the  joint.  They  are  fringed  throughout  their 
course  by  protuberant  granulations,  among  which  are  numerous 
microscopic  tubercle  nodules. 

Tubercular  Disease  of  Vertebrae. — In  children,  tubercular 
disease  of  bone  is  most  liable  to  affect  the  vertebrae  and  the  bones  of 
the  hip,  knee,  ankle,  and  elbow  joints.  The  shoulder  joint  is  more 
often  affected  in  adults. 

In  the  case  of  the  vertebrae  the  disease  is  in  most  instances  located 
about  the  mid-dorsal  vertebrae,  sometimes  in  those  of  the  lumbar  and 
lower  cervical  regions,  and  frequently  in  the  upper  cervical. 

The  cheesy  deposit  takes  up  its  stronghold  in  the  body  of  the  bone, 
and  destroying  its  cancellous  tissue,  finally  breaks  through  the  outer  hard 
shell.  The  softened  cheesy  material  and  broken-down  bone  substance 
push  aside  the  ligamentous  tissues  lying  in  front  of  the  spine,  and  thus 
construct  an  abscess  sac.  This  may  point  in  various  situations,  but 
often,  under  appropriate  treatment,  the  contents  dry  and  consolidate 
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into  an  inert  cheesy  mass  which  is  ultimately  absorbed.  The  support 
of  the  vertebral  column  being  thus  removed  by  the  destruction  of  one 
or  more  of  its  segments,  the  vertebrae  above  and  below  come  into 
contact.  In  order  to  effect  their  junction,  seeing  that  the  portions  of 
the  vertebrae  behind  are  still  uninjured,  the  spine  must  curve  back- 
wards (Pott's  curvature  or  kyphosis).  It  eventually  becomes  fixed  in 
this  position  by  ligamentous  adhesions. 

It  is  one  remarkable  feature  of  the  tubercular  affections  of  bone 
that  they  exhibit  little  tendency  to  bony  reparation.  The  periosteum, 
for  instance,  does  not  tend  to  throw  out  osteophytes.  The  bones, 
consequently,  do  not  exhibit  irregularities  on  their  surfaces  after 
maceration  from  new  bone  having  been  deposited  upon  them.  In  fact 
there  is  seldom  any  attempt,  even  after  years,  at  bony  union  between 
the  adjacent  surfaces  of  the  vertebrae.  The  union  in  a  large  pro- 
portion of  cases  remains  ligamentous.  There  is,  indeed,  no  other 
disease  of  bone  accompanied  with  so  profound  a  distiurbance  of  its 
economy  in  which  there  is  so  little  show  of  reactive  vitality. 

When  such  an  acute  curvature  as  the  above  presupposes  takes 
place,  the  spinal  canal  becomes  always  more  or  less  constricted. 
Sometimes  it  is  almost  closed,  a  result  of  course  accompanied  by 
disastrous  compression  of  the  cord. 

Literature  on  Tubercle  and  Caries  of  Bone  and  Joints. — Black:  Edin.  Med. 
Journ.,  iv.  1859,  p.  780  et  seq.  Cheyne :  Brit.  Med.  Journ.,  1891,  i.  p.  739  et  seq. 
Comil  (Tubercular) :  Arch.  d.  physiol.  norm,  et  path.,  iii.  1870,  p.  325.  Diiret 
(Fibrinous  Synovitis  and  Tumor  Albus) :  Bull.  See.  Anat.  de  Par.,  iv.  1879,  p.  208. 
Eve  (Caries):  Trans.  Path.  Soc.  Lond.,  xxxix.  1887-88,  p.  266.  Friedl&nder: 
Volkmann's  Samml.  klin.  Vortr.,  No.  64.  Hueter  (Tubercular,  Experimental): 
Ztschr.  f.  Chir.,  xi.  1878-79,  p.  317.  Kdnig  (Miliary  Nodules  in  Fungating  Joints) : 
Berl.  klin.  Wochnschr.,  viii.  1871,  p.  229  ;  also,  Die  Tuberculose  der  Knochen  und 
Gelenke,  1884.  Krause  :  Die  Tuberculose  der  Knochen  und  Gelenke,  1891.  Laaf : 
Ueb.  d.  en tziind lichen  Verandemngen  des  Knorpels  bei  Arthritis  fungosa,  1879. 
Macnamara :  Lancet,  i.  1877,  p.  561  et  seq.  O^el :  Beitrag.  zur  Aetiologie  der 
fungoses  Gelenkentziindung,  1880.  Ogston  (Cartilages  in) :  Journ.  Anat.  and 
Physiol.,  X.  1875,  p.  49.  Pawlowsl^  (Experimental  Production  of  Tubercular 
Joints) :  Ann.  de  I'lnst.  Pasteur,  vi.  1892,  p.  116.  Phocas:  Tuberculoses  localis^es 
multiples,  1891.  Ranvier  (Disease  of  Cartilages) :  Bull.  Soc.  aufit.  de  Par.,  xl.  1865, 
p.  701.  Redfem  :  On  Anormal  Nutrition  in  Articular  Cartilages,  1849.  Schiiller  : 
Untersuchungen  iib.  die  Enstehung  und  Ursachen  der  scrofulosen  und  tuberculosen 
Gelenkleiden,  1880.  Sonnenbui^  (Tubercular) :  Arch.  f.  klin.  Chir.,  xxvi.  1881,  p. 
789.  Vincent :  Internat  Encycl.  of  Surg.  (Ashurst),  vi.  1886,  p.  901.  Volkmann 
(Catarrhal  Inflammation) :  Arch.  f.  klin.  Chir.,  i.  1861,  p.  408  ;  (Caries)  Ibid.,  iv. 
1863,  p.  437  ;  (Fungous  Disease),  Samml.  klin.  Vortriige,  1879,  No.  168-169  (Chir. 
No.  51).  Walzberg  and  Riedel  (Tubercular) :  Deut.  Ztschr.  f.  Chir.,  xv.  1881,  p. 
407.  Weber  (Disease  of  Cartilages):  Arch.  f.  path.  Anat.,  xiiL  1858,  p.  74. 
Weichselbaum  (Disease  of  Cartilages) :  Arcli.  f.  path.  Anat.,  Ixxiii.  1878,  p.  461. 

Arthritis. 

1047.  The  recognition  of  the  tubercular  nature  of  strumous  joint 
affections  disposes  of  many  varieties  of  arthritis  which  formerly  swelled 
the  nomenclature  of  joint  pathology.  The  most  of  the  non-tubercular 
varieties  of  arthritis  are  caused  by  septic  disease,  acute  rheumatism, 
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gout,  gonorrhoea,  or  syphilis.  They  may  also  result  from  injury. 
Inflammation  of  the  joints  is  likewise  seen  occasionally  in  connection 
with  erysipelas,  diphtheria,  scarlet  fever,  dysentery,  etc.  There  is 
one  variety  which  is  known  as  arthritis  deformans  or  chronic  rheu- 
matic arthritis,  and  which  requires  special  description.  Those  result- 
ing from  acute  rheumatism,  gout,  and  syphilis  have  already  been 
referred  to  (see  respective  subjects). 

Arthritis,  from  whatever  cause,  may  assume  two  forms,  namely : 
(1)  where  the  synovial  membrane  is  the  exclusive  seat  of  it,  and  (2) 
where  the  inflammation  implicates  the  surrounding  parts. 

The  first  of  these  was  likened  by  Volkmann  (No.  92,  i.  1861, 
p.  408)  to  a  catarrh  of  a  mucous  membrane,  and  he  gave  it  accordingly 
the  designation  of  "  Catarrhal  Arthritis,"  or  "  Arthro-meningitis."  It 
occurs  in  pyaemic  and  septicjemic  conditions  of  body,  in  the  so-named 
"  cold  abscess  "  of  joints,  in  acute  rheumatism,  and  in  what  is  known 
as  gonorrhoeal  rheumatism. 

Fluid  is  effiised  from  the  inflamed  membrane  which  at  first  may 
coagulate.  It  appears  to  be  composed  in  great  part  of  synovia.  In 
other  cases  it  is  purulent,  and  Volkmann  traces  the  pus  in  such  cases 
mostly  to  a  proliferation  of  the  endothelium  enveloping  the  membrane. 
The  pus  may  be  removed  by  absorption  and  the  joint  completely 
recover. 

In  the  second  or  deep  variety,  in  addition  to  the  above  modifi- 
cations of  the  synovial  membrane,  abscesses  develop  in  the  capsule  of 
the  joint  and  its  neighbourhood.  They  are  almost  always  of  septic 
(pyaemic)  origin.  The  cartilages  may  perish  as  an  effect  of  the 
presence  of  the  pus  in  the  joint  The  pus  may  discharge  itself  from 
the  joint  into  the  surrounding  soft  parts.  The  vascular  fringes  of 
the  synovial  membrane,  as  in  other  forms  of  arthritis,  become 
exuberant,  and  no  doubt  discharge  inflammatory  products  into  the 
joint. 

The  org^anisms  of  pyo-arthros  seem  to  be  identical  with  those 
of  suppuration  elsewhere.  Krause  (No.  43,  xxi.  1843,  p.  681)  found 
a  streptococcus  pyogenes  in  acute  catarrhal  synovitis  identical  with  that 
of  Rosenbach. 

Schiiller  (No.  92,  xxxi.  1885,  p.  276)  alleges  that  where  an 
arthritis  follows  a  specific  disease  caused  by  a  characteristic 
microphyte,  such  as  pneumonia,  erysipelas,  or  glanders,  the  specific 
organisms  are  present  in  the  joint  effusion  only  in  small  numbers, 
and  are  usually  mixed  with  other  organisms. 

Literature  mi  Aaite  Arthritis, — Atkin  (Acute  Arthritis  in  Infants) :  Med.  Press 
and  Circ.,  xxxix.  1885,  p.  554.  Fiihrer  (Inflammation  of  Joints):  Arch.  f.  path. 
Anat.,  V.  1852,  p.  129.  Huber  (Multiple  Rheumatic  Suppurative  Arthritis  in 
Children):  Arch.  f.  path.  Anat.,  Ixxxviii.  1882,  p.  246.  Krause  (Acute  Purulent 
Synovitis):  BerL  klm.  Wochnschr.,  xxi.  1884,  p.  681.  Martin :  Contribution  k 
I'etude  des  arthrites  septiques,  1885.  Schiiller  (Bacteria  in  Metastatic  Joint 
Affections):  Arch.  f.  klm.  Chir.,  xxxi.  1884,  p.  276.  Traube  (Arthritis):  Ges. 
Beitr.  z.  Path.  u.  Physiol.,  ii.  1871,  pt.  ii.  p.  750. 
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Senile  Changes  in  Joints. 

1048.  It  is  astonishing  with  what  frequency  the  larger  joints,  such 
as  the  hip,  are  found  diseased  after  death  ;  and  much  has  been  written 
on  the  matter.  Weichselbaum  (No.  12,  Ixxv.  Ab.  III.  H.  1-5,  1877, 
p.  193)  had  the  opportunity  of  examining  the  joints  in  something  like 
one  thousand  old  people,  and  has  carefully  annotated  the  facts. 
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Fio.  528.— Senile  Resorption  of  Articular  Cartilage.      Horizontal  SEdrioN  treated  with 
Iodine  and  Silphcric  Acid  (Hartii.,  Obj.  8,  Oc.  3). 

(/)  Young  absorption  spaces ;  {ch)  young  bnmchetl  cliondroclasts. 

The  part  of  the  joint  to  suffer  most  in  old  people  is  the  articular 
cartilage.  It  becomes  fibrous,  develops  cracks  or  fissures  on  its 
surface,  and  becomes  worn  down  in  parts  or  completely  removed. 
The  bone  lies  exposed,  and  being  subjected  to  undue  friction,  under- 
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goes  an  ivory  or  porcelain-like  hardening — an  ebumation,  as  it  is 
called.  After  the  cartilage  has  vanished  the  bone  surface  may  again 
become  invested  with  a  protective  covering  through  a  fibro-cartilaginous 
membrane  spreading  over  it  from  the  adjacent  border  of  the  syno- 
vialis  or  from  the  connective  tissue  in  the  underlying  Haversian 
canals.  Blood-vessels  find  their  way  on  to  the  surface  from  the  same 
sources. 

The  synovial  membrane,  however,  also  suffers  severely.  The 
vascular  investment  which  replaces  or  covers  in  the  defects  in  the 
cartilage  may  spread  over  the  synovial  membrane  as  well,  in  which 
case  the  villi  projecting  from  its  interior  are  increased  in  number. 
They  assume  the  appearance  of  a  deeply-injected  corona  around  the 
articular  surface. 

A  retrogressive  process  is  often  set  up  in  the  synovialis,  and  it 
may  be  in  the  new  membrane  covering  the  end  of  the  bone.  It 
consists  in  an  opening  out  of  the  fibres  of  these  parts,  so  that  they 
become  soft  and  gelatinous.  If  the  synovial  membrane  is  so  attenuated 
that  the  underlying  capsule  pf  the  joint  is  exposed,  the  capsule  may 
assume  the  same  appearances  as  the  synovialis  itself.  Other  fibrous 
or  fibro-cartilaginous  structures  such  as  the  teres  ligament  and  tendon 
of  the  biceps  may  suffer  in  the  same  way  as  the  articular  cartilages, 
and  may  thus  be  entirely  destroyed. 

These  changes  in  the  cartilages  and  soft  parts  of  the  joint  are  of 
primary  importance  as  bearing  upon  what  is  known  as  chronic 
rheumatic  arthritis  (arthritis  deformans),  as  well  as  in  relation  to 
ulceration  of  cartilages  generally.  Indeed,  what  is  termed  "arthritis 
deformans  "  seems  to  be  merely  an  extension  of  them. 

Examined  microscopically,  the  clefts  in  the  cartilage  above  referred 
to  become  more  apparent.  They  are  represented  by  wavy  lines 
mostly  radiating  from  the  capsules  of  the  cartilage  cells.  These 
lines  correspond  to  clefts  in  the  cement  substance  binding  together 
the  fibrous  bundles  entering  into  the  composition  of  the  cartilage 
matrix.  Later  on,  the  matrix  assumes  a  fibrous  appearance  from  an 
extension  of  the  same  degeneration,  and  a  viscid  fluid  permeates  the 
interspaces.  Coexistent  with  this  the  cartilage  cells  undergo  pro- 
liferation, and  the  spaces  within  which  they  are  contained  enlarge. 
These  two  circumstances,  the  alterations  in  the  matrix  and  the 
proliferation  of  the  cells,  taken  together,  cause  the  cartilage  to  become 
thickened — a  condition  sometimes  known  as  hypertrophy. 

The  new-formed  cells,  however,  according  to  Weichselbaum  (loc. 
cit,  p.  218),  have  little  vitality  and  rapidly  succumb  by  suffering 
liquefaction.  They  do  not  become  fatty.  The  remaining  spaces  then 
collapse. 

The  cartilage,  having  become  fibrous,  is  easily  worn  away  and 
absorbed.  There  is  another  means,  however,  by  which  this  absorption 
may  be  effected ;  it  takes  place  from  the  periphery  inwards  and 
appears  to  be  something  akin  to  the  absorption  of  bone.     The  cartilage 
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capsules  enlarge,  and  several  of  them  fuse  together  so  as  to  form  a 
space.  This  space  becomes  occupied  by  branched  cells  derived  from 
the  neighbouring  synovialis.  Later  on,  the  branches  disappear  and 
the  cells  come  to  resemble  ordinary  cartilage  cells.  They  lie  in  a 
fibrous  basis,  so  that  the  texture  filling  the  space  has  the  appearance 
of  fibro-cartilage.  The  defects  in  the  cartilage  are  most  evident  at 
its  margin.  They  have  a  close  resemblance  to  the  Howship's  lacimse 
seen  in  absorbing  bone.  The  cells  which  penetrate  into  them  act  as 
chondroclasts.  In  what  way  they  effect  the  absorption  of  the  cartilage 
is  not  certain.  Weichselbaum  thinks  it  most  likely  that  they  disturb 
the  cartilage  matrix  mechanically  by  pressure. 


Arthritis  Deformans. 

1049.  Syn, — Chronic  Rheumatic  Arthritis,  Arthritis  nodosa,  sicca, 
spuria,  or  rheumatica,  Arthroxerosis,  Arthrite  s^che,  Polyarticulare 
Arthritis,  Rheumatic  Gout.  In  the  hip  it  is  known  as  Malum  Coxae 
Senile. 

From  the  perusal  of  the  preceding  section  it  will  be  gathered  that 
in  old  people  the  joints  are  frequently  diseased,  and  that  the  defect 
consists  in  an  absorption  of  the  cartilages  and  a  condensation  of  the 
exposed  bone. 

Weichselbaum  (No.  12,  Ixxv.  Ab.  III.  H.  1-5,  1877,  p.  240)  regards 
the  disease  we  are  now  considering  simply  as  a  higher  grade  of  these 
senile  degenerations.  This  view,  however,  it  is  only  right  to  mention, 
has  been  opposed  by  Volkmann  and  other  authorities. 

It  has  often  been  supposed  to  be  associated  with  rheumatism. 
There  is  doubt,  however,  as  Wilks  (No.  192,  iv.  1858,  p.  61)  long  ago 
remarked,  whether  it  has  anything  to  do  with  this  disease,  at  least 
with  what  is  usually  designated  acute  rheumatism  or  rheumatic  fever. 

It  has  also  been  asserted  to  be  of  gouty  origin,  but,  as  already 
shown  in  describing  the  subject  of  gout,  there  is  little  cause  for  con- 
cluding that  there  is  any  such  connection. 

The  disease  seems  to  possess  many  of  the  characters  of  a  chronic 
arthritis,  but  what  the  exciting  and  maintaining  causes  of  this  chronic 
inflammation  are  has  not  been  satisfactorily  explained.  A  disease,  in 
most  of  its  features,  identical  with  that  in  Man,  is  found  in  the  lower 
animals,  such  as  the  horse,  subjected  to  heavy  work.  In  Man  it  is 
more  prevalent,  from  all  accounts,  in  those  who  have  laboured  heavily 
than  in  others  whose  occupation  has  been  of  a  less  arduous  character. 

There  appear  to  be  two  varieties.  In  one  of  these  (polyarticular) 
many  joints  are  afliicted  from  the  first ;  in  the  other  (monoarticular) 
the  disease  commences  in  one  joint  and  may  afterwards  spread  to 
others.  The  polyarticular  begins  in  the  small  joints  of  the  fingers 
and  toes  and  spreads  centrally ;  the  monoarticular  starts  from  a  large 
joint,  such  as  the  hip,  and  spreads  peripherally  (Senator). 
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The  large  joints  most  often  the  seat  of  it  are  the  hip,  shoulder, 
and  elbow  ;  and  another  very  common  site  is  the  vertebral  column. 


Chantjea  in  iJie  JoinU. 

Polyarticular  Variety. — The  cartilages  become  eroded,  while 
the  synovial  membrane  is  thickened  and  other^vise  altered  by  pro- 
liferation of  its  cells.  The  two  exposed  surfaces  of  the  bone  come  in 
contact  and  unite  by  a  fibrous  anchylosis.  The  hand  and  fingers 
assume  a  peculiar  position,  which,  for  the  most  part,  is  characterised  by 
a  predominance  of  flexion  over  extension.  The  phalanx  of  the  fingers 
is  extended  and  the  last  phalangeal  joint  is  flexed  so  ^  to  cause  a 
claw-like  appearance  of  the  member ;  the  wrist  is  usually  flexed.  The 
affected  joint  feels  sometimes  like  a  "  bag  of  bones,"  from  there  being 
small  pieces  of  detached  newly-formed  bone  within  and  around  it. 

Monoarticular  Variety. — One  of  the  earliest  alterations  noticed 
in  the  joint  {e.g,  hip)  is  an  erosion  of  the  cartilages.  They  vanish 
apparently  by  becoming  resolved  into  fibrous  tissue  and  by  becoming 
absorbed  by  chondroclasts.  The  connective  tissue  of  the  synovialis 
and  capsule  of  the  joint  proliferates,  and  a  low  type  of  cartilage  is 
here  and  there  deposited  in  the  substance  of  these  membranes. 
Ossification  next  commences  within  the  thickened  soft  tissues  of  the 
joint,  the  result  being  that  much  new  bone  is  thrown  out,  sometimes 
as  a  large  mushroom-like  mass,  at  other  times  in  small  semi-detached 
islands.  The  ligamentum  teres  or  tendon  of  the  biceps,  as  the  case 
may  be,  suffers  absorption  like  the  cartilages. 

Later  on,  the  cup  of  the  joint  assumes  a  flattened-out  appearance, 
so  that  it  becomes  much  shallower  than  in  health,  while  round  about 
it  are  the  irregularly-shaped  new  growths  of  bone.  The  joint  looks 
(Wilks,  No.  192,  iv.  1858,  p.  62)  as  if  some  soft  plastic  substance  had 
been  placed  between  the  ends  of  the  bones  and  squeezed  out,  and 
had  undergone  subsequent  solidification.  The  head,  and  it  may  be 
the  neck,  of  a  long  bone  may  become  in  great  part  absorbed,  so  that 
in  the  case  of  a  bone  like  the  femur  the  end  of  the  shaft  with  the 
excrescences  around  it  lies  almost  sessile  upon  the  shallow  acetabulum. 
The  acetabulum  and  remains  of  the  head  of  the  bone  may  in  course 
of  time  become  united  by  a  soft  vascular  new  tissue,  or  an  osseous 
synostosis  may  take  place.  If  not  actually  united,  the  surfaces  of  the 
bones  suffer  eburnation. 

In  the  case  of  the  spine  new  bone  is  thrown  out  upon  the  bodies 
of  the  vertebrse  in  the  form  of  very  irregularly-contoured  osteophytes. 
These  may  be  so  extensive  that  they  unite  the  one  vertebra  inseparably 
to  the  other  (spondylitis  deformans ;  cnrov8i'A.os,  a  vertebra).  Occasion- 
ally the  pelvic  joints  are  similarly  implicated. 

The  minuter  changes  in  the  bone,  as  described  by  Ziegler  (No.  13,  Ixx.  1887,  p. 
502),  do  not  in  all  respects  bear  out  the  title  of  the  disease  to  be  ranked  as  an 
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inflammation.  The  most  striking  feature,  he  remarks,  and  more  es^iecially  is  this 
so  when  the  bone  is  in  progress  of  absorption,  is  the  presence  within  it  of  cyst-like 
cavities.  These  lie  sometimes  in  the  neighbourhood  of  the  cartilages,  at  other  times 
at  some  distance  from  them.  In  many  instances  they  appear  to  be  surrounded  by  a 
membrane.  He  accounts  for  them  by  the  bone  of  the  part  losing  its  characters  and 
reverting  to  cartilage.  Islands  of  cartilage  are  found  scattered  through  the  bone 
tissue,  and  having  no  connection  with  the  surface  of  the  joint.  These  cartilage 
islands  in  course  of  time  soften  and  give  rise  to  the  above  cyst-like  formations. 
This  reversion  of  bone  to  cartilage  seems  to  be  a  peculiar  feature  of  the  disease. 


,u/ 


Fio.  529.— Amvluid  Diheame  uf  Cartilage  of  Head  uf  Uumeruh 
(Hartn.,  Obj.  8,  Oc.  2). 

(a)  Completely  (legeneratc<l  cartilage  cell ;  {b)  cartilage  cell  coiiimeuciug  to  degenerate ;  (r) 
amyloid  cell  capsules  run  together  while  the  cell  substance  has  disappearetl ;  (t/)  fragment  of  a 
degenerated  capsule ;  (e)  completely  degenerated  cell  in  which  the  amyloid  has  a8sumc<l  a!  granular 
appearance. 

Literature  on  Arthritis  De/ornunis. — Arthritis  Deformans,  etc. :  Samml.  klin. 
Vortr.,  1884,  No.  283  (Chir.  No.  75),  p.  2041.  Canton  (Chronic  Rheumatic 
Arthritis) :  Trans.  Path.  Soc.  Lond.,  iil  1880-82,  p.  153  ;  IbyJ.,  xiL  1860-61,  p.  162  ; 
Ibid.f  xiii.  1861-62,  p.  270.  Garrod :  A  Treatise  on  Gout  and  Rheumatic  Gout, 
1876.  Hitzis:  (Arthritis  Deformans)  :  Berl.  klin.  VVochnschr.,  ix.  1872,  p.  638. 
Krebs  (Rheumatic  Inflammation  in  Oxen) :  Arch.  f.  \\nssensch.  u.  prakt.  Thierheilk. , 
xi.  1885,  p.  71.  Little  (Chronic  Rheumatic  Arthritis) ;  Trans.  Path.  Soc.  Lond., 
xi.  1859,  p.  285.  Virchow  (History  Arthritis  Deformans) :  Arch.  f.  path.  Anat., 
xlvii.  1869,  p.  298.    Weichselbaum  (Arthritis  Deformans) :   Arch.  f.  path.  Anat., 
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Iv.  1872,  p.  217  ;  of  so,  Sitzungsb.  d.  k.  Akad.  d.  Wissensch.,  Wien,  Ixxv.  1877,  p. 
193.  WUks  (Chronic  Rheumatic  Arthritis) :  Guy's  Hosp.  Rep.,  iv.  1858,  p.  61. 
Ziegler  (Subcartilaginous  Changes  in  Arthritis  Deformans) :  Arch.  f.  ^tath.  Anat, 
Ixx.  1877,  p.  502. 

Wax-like  Disease  of  Joints. 

1050.  A  very  common  lesion  found  in  the  cartilages  and  synovial 
membranes  of  old  people  is  the  above.  The  amyloid  is  deposited 
mainly  in  the  wall  of  the  capsule  enclosing  the  cartilage  cell ;  accord- 
ing to  Weichselbaum  (No.  12,  Ixxv.  Ab.  III.  H.  1-5,  1887,  p.  229),  the 
cell  itself  is  the  primary  seat  of  it.  The  deposition  by  preference 
affects  those  cartilages,  or  parts  of  them,  which  are  suffering 
absorption. 

Calcification  of  the  Articular  Cartilages. 

1051.  This  is  another  common  senile  condition.  It  may  be 
microscopic  in  its  extent,  in  which  case  the  cartilage  capsules  are  the 
sole  recipients  of  the  lime  salts;  or  it  may  extend  more  widely 
through  the  matrix.  It  might  be  mistaken  readily  for  a  gouty  deposit 
of  urate  of  soda. 

Loose  Cartilages  in  Joints. 

1052.  These  arc  comparatively  common  in  the  knee  and  wrist 
joints.  They  are  sometimes  single,  more  frequently  multiple.  As 
many  as  fifty  have  been  removed  from  a  knee  joint  (see  case  by  Berry, 
No.  6,  1890,  ii.  p.  958),  and  even  a  larger  number  are  frequently  found 
in  the  wrist.  They  vary  in  size  and  shape,  sometimes  button-like,  at 
other  times  resembling  melon  seeds  or  boiled  rice. 

They  usually  possess  a  fibrous  capsule,  are  in  great  extent  com- 
posed of  cartilage,  and  have  often  a  small  nucleus  of  cancellous  bone 
at  some  part. 

Their  origin  is  as  follows: — The  synovial  membrane  and  its 
fringes,  it  will  be  remembered,  contain  cartilage  cells.  The  villi  upon 
the  inner  surface  of  the  membrane  often  become  enlarged  as  a  result 
of  an  arthritis.  Their  naturally  dendritic  arrangement  becomes  ex- 
aggerated, and  their  club-like  extremities  hard,  from  a  new  formation 
of  cartilage  within  them.  The  attachments  of  these  terminal  buds 
become  more  and  more  attenuated  until  a  separation  is  effected.  The 
detached  mass  does  not  perish,  but  is  nourished  by  the  fluid  of  the 
joint.  It  becomes  moulded  subsequently  by  friction  into  the  particular 
shape  it  assumes.  They  must  not  be  mistaken  for  the  loose  fragments 
of  bone  around  the  joint  so  often  found  in  chronic  rheumatic  arthritis. 

As  bearing  upon  their  vascular  origin  it  should  be  mentioned  that 
the  fluid  expressed  from  the  joint,  if  withdrawn  early,  may  be  found 
to  be  much  blood-stained  (see  case  by  Beatson,  No.  5,  xiii.  1879,  p^ 
449),  while  the  bodies  in  question  are  absent  Later  on,  the  fluid 
becomes  clear,  and  a  large  number  of  loose  cartilages  may  be  evacuated. 
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Poulet  and  Vaillard  (No.  4,  v.  1885,  p.  298)  state  that  rarely  these 
bodies  take  their  origin  from  pieces  of  detached  articular  cartilage, 
or  even  from  the  articular  head  being  accidentally  loosened. 

LUeraturc  on  Loose  Cartilages  iu  Joints. — Berry  (Fifty  Loose  Cartilages) :  Brit. 
Med.  Jouni.,  1890,  ii.  p.  958.  Filter:  Ueb.  solitiire  Li])ome  des  Knie^elenkes  ii. 
ihre  Ursache,  1890.  Klein  (Loose  Cartilages) :  Arch.  f.  path.  Anat,  xxix.  1864,  p. 
190.  Paget  (Loose  Cartilages) :  St.  Barth.  Hosp.  Rep.,  vi.  1870,  p.  1.  Patteson 
(Joint  Booies) :  Joum.  Anat.  and  Phys.,  xxiv.  1889-90,  p.  360.  Pichon  :  Des  corps 
t'trangers  intra-articiilaires,  1890.  Poulet  and  Vaillard  (Loose  Cartilages) :  Arcn. 
de  physiologie  norm,  et  path.,  v.  1885,  p.  266. 

Lipoma  of  Synovial  Membranes. 

1053.  The  same  vascular  fringes,  which  are  productive  of  so  much 
mischief  in  the  joint,  when  they  enlarge,  instead  of  becoming  cartilagin- 
ous, occasionally  assume  the  characters  of  lipomata.  The  fat  cells 
which  they  naturally  contain,  proliferate.  An  exuberant  villous  mass 
of  fatty  tumours  from  this  cause  comes  to  protrude  into  the  joint. 
When  single,  these  tumours  may  become  detached  and  constitute  a 
movable  foreign  body  in  the  joint. 

Tumours  of  Bonk 

1054.  These  are  chiefly  spindle  and  giant-cell  sarcomata,  hyaline 
chondromata,  osteomata,  secondary  carcinomata,  fibromata,  etc 
Fibro-chondromata  grow  from  the  capsules  of  joints,  while  hyaline 
chondromata  generally  grow  from  bone,  not  from  cartilage.  The 
hyaline  variety  has  a  great  tendency  to  ossify ;  the  osteoma  is  usually 
a  chondroma  to  begin  with. 

These  tumours  have  all  been  described  formerly  (vol.  i..  Tumours), 

Bursal  Accumulations — Hygroma  and  Ganglion. 

1055.  By  a  hygjoma  {vypos,  moist)  is  understood  an  accumula- 
tion of  clear  and,  it  may  be,  serous  fluid  in  one  or  more  of  the  bursae 
mucosae.  When  the  liquid  is  gelatinous  and,  possibly,  blood-stained, 
the  term  gang^lion  is  applied  to  the  swelling.  The  difference  in  the 
character  of  the  liquid  has  more  pathogenetic  significance  than  might 
at  first  be  supposed. 

These  true  ganglia  are  found  on  the  foot,  elbow,  and  neighbour- 
hood of  the  knee.  They  always  have  gelatinous,  not  serous  contents. 
The  liquid  of  a  hygroma  is  a  mere  dropsical  effusion ;  the  liquid  of 
true  ganglia  is  a  secretion  from  the  wall  of  the  sac. 

The  ganglia  have  been  supposed  to  be  distended  sheaths  of  tendons 
or  diverticula  from  synovial  membranes,  and  the  fluid  has  been  held  to 
be  sjniovia.  Virchow  named  the  condition  "  hygroma  ganglioides  "  or 
"  tumor  synovialis  "  on  this  account. 
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They  are  seldom  seen  in  old  people.     In  the  case  of  the  wrist, 


Fio.  530.— Tibia  which  had  been  the  Seat  ok  a  Sarcomatous  Tumocr.    8h(.>h\-<  Tf^ 
Absorption  and  Openino  out  of  the  Bone, 

in  which  locality  they  are  perhaps  commonest,  they  lie  on  the  ^^^ 
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of  the  hand  or  close  by  the  radial  artery.  In  the  latter  situation  the 
sac  protrudes  between  the  supinator  longus  and  the  flexor  carpi  radialis. 
The  artery  runs  over  or  near  the  tumour.  That  on  the  dorsum  manus 
shows  itself  in  the  space  between  the  extensor  indicis  proprius  and  the 
extensor  carpi  radialis  brevis.  In  rare  cases  it  lies  between  the  extensor 
carpi  radialis  brevis  and  the  extensor  poUicis  longus  (Falkson). 

According  to  Falkson  (No.  92,  xxxii.  1885,  p.  68),  the  wall  of  the 
sac  is  usually  bound  to  the  sheaths  of  several  tendons.  In  eleven  out 
of  thirteen  cases  examined  by  him  it  was  ascertained  that  there  was 
an  absence  of  any  communication  with  the  wrist  joint;  in  the 
remaining  two  the  relationship  could  not  be  determined.  A  free 
communication  with  the  joint,  he  says,  may  in  all  cases  be  put  out  of 
the  reckoning,  and  if  fluctuation  of  the  joint  is  felt,  it  must  be  due  to 
the  pressure  of  the  sac  upon  the  joint  capsule.  The  sac  can  always  be 
traced  up  to  the  capsule,  but  within  his  experience  does  not  communi- 
cate with  it. 

He  asserts  that  they  are  neither  prolongations  of  synovial  mem- 
branes nor  bursse  of  tendons ;  he  thinks  that  they  are  the  result  of  a 
degeneration  of  the  synovial  follicles  described  by  Yolkmann,  or  of  the 
so-called  sub-synovial  bodies  described  by  Henle  and  others. 

As  alleged  by  Hoeftmann,  they  are  probably  to  be  regarded  as 
synovial  dermoid  cysts.  Hence  their  intimate  connection  with  the 
capsule  of  the  joint. 


Parasitical  Diseases  of  Bone. 

1056.  The  chief  of  these  are  Hydatids  and  Actinomycosis.  They 
are  described  under  Animal  and  Vegetable  Parasitical  Diseases  re- 
spectively. 


Club-Foot  (see  Malformations), 


Curvature  of  the  Spine. 

1057.  Nomenclature. — The  posterior  curvature  (Pott's),  techni- 
cally known  as  cjrphosis  (Kv</>aKris,  a  hump-backed  person)  or  cyrtosis 
(kv/»to9,  curved),  arising  in  connection  with  tubercular  absorption  of  the 
bodies  of  the  vertebrae,  has  already  been  described  (p.  854). 

Lordosis  {XopBouy,  I  bend)  is  the  term  applied  to  an  anterior 
curvature.  It  is  generally  due  to  rickets,  especially  when  in  the 
lumbar  region.  Scoliosis  (<r/coA.to(u,  I  twist)  and  hybosis  or  hy- 
boma  {^pos,  the  hump  of  a  camel)  are  terms  which  were  formerly 
and  still  are  in  use  to  indicate  a  lateral  curvature. 

A  common  cause  of  lateral  curvatures  is  undue  muscular  develop- 
ment on  one  side  of  the  body,  as  in  persons  habitually  using  the  right 
arm.      Lateral  curvatures   are  also   met  with  in  persons  of   weak 
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muscular  development.  The  chief  deforming  element  in  them  is  the 
weight  of  the  head.  This  presses  directly  upon  the  ill-supported 
spinal  column  and  throws  it  into  a  lateral  curve. 


Spondyl-Olisthesis. 

1058.  By  this  is  meant  a  condition  in  which  there  is  a  solution  of 
continuity,  either  congenital  or  acquired,  of  the  neural  arch  of  the  fifth 
lumbar  vertebra,  allowing  of  a  prolapse  of  the  portion  of  the  spine 
above  this  forwards  and  downwards  into  the  pelvis.  The  condition  is 
often  the  result  of  fracture.  Some  cases  have  been  held  to  be  due  to 
caries  of  the  bone,  but  these  seem  to  be  rarer  than  is  supposed.  The 
hip  bones  become  unusually  prominent,  and  a  characteristic  deformity 
results.  The  spinal  canal  need  not  necessarily  be  obliterated.  The 
disease  was  first  described  by  Kilian  in  the  year  1858,  and  some  of 
the  most  noted  cases  are  reported  by  Neugebauer  in  his  monograph  on 
the  subject  (No.  582,  1888). 

General  Literatube  on  Pathology  of  the  Bones  and  Joints, 

Adams:  Brit.  Med.  Journ.,  1869,  L  p.  70  et  sea.  Brodie:  Path,  and  Surg. 
Obseryations  on  Diseases  of  the  Joints,  1818.  Bryant:  On  the  Diseases  and 
Injuries  of  the  Joints,  1859  ;  also^  Med.  Times  and  Gaz.,  1869,  i.  p.  622.  Cooper: 
A  Treatise  on  Diseases  of  the  Joints,  1807.  Coote :  On  Joint  Diseases,  1S67. 
Holmes :  Syst.  Surgery,  iii.  Jones :  A  Treatise  on  Bone  Diseases,  1887.  Lane: 
Trans.  Path.  Soc.  Lond.,  xxxv.  1883-84,  p.  299.  Oilier:  Intemat  Encycl.  of  Surg. 
(Ashurst),  vi.  1886,  p.  843.     Schreiber :  Atlas  der  Gelenkkrankheiten,  1883. 


Diseases  of  the  Teeth. 

Dental  Caries, 

1059.  Of  all  the  diseases  of  the  teeth,  so-called  caries  is  that  which  is  by  far  the 
widest  spread  among  diflferent  races,  and  is  the  most  frequent  cause  of  their  destruc- 
tion. The  inhabitants  of  all  countries  seem  to  suffer  from  it,  some  perhaps  more 
than  others.  Arab  races,  the  Esquimaux,  North  American  Indians,  African  sangee, 
and,  generally  speaking,  uncivilised  races  as  a  whole,  however,  suffer  comparatirelj 
slightly  from  the  disease.  It  is  one  which  appears  to  increase  in  frequency  the 
higher  the  state  of  civilisation  which  prevails.  It  is  a  disease  which,  moreover,  has 
affected  primitive  races  of  Mankind,  as  can  be  seen  from  the  skulls  in  any  anthropo- 
logical collection.  The  female  sex  is  subject  to  caries  in  a  distinctly  higher  propor- 
tion than  the  male.     The  lower  animals  seldom  contract  it. 

Its  onset  is  chai-acterised  by  an  opaque  spot  upon  the  enamel  either  of  a  masti- 
cating surface  or  of  a  depression  on  the  crown.  This  often  opens  out  into  a  figure- 
like  erosion,  while  the  opaque  spot  becomes  more  or  less  discoloured,  the  tint  varying 
from  an  ash-gray  to  a  deep  brown.  It  is  now  pretty  i^idely  acknowledged  that  this 
fissured  condition  is  brought  about  mechanically  by  the  solvent  action  of  an  acid 
either  contained  in  the  diet  or  generated  in  the  alimentary  vm,  Ladie  acid  has  a 
powerfully  solvent  action  on  enamel. 

Its  surface  having  thus  become  denuded,  micro-organisms  of  various  kinds  find 
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their  way  into  the  dentine  tubes,  cause  them  to  widen,  and  bring  about  their  destruc- 
tion (see  Underwood  and  Milles,  No.  264,  iiL  1881,  p.  523 ;  and  Miller,  No.  678). 
The  discoloration,  according  to  Miller,  is  due  to  the  presence  of  chromogenous  micro- 
organisms {e.g,  bacillus  fuscans)  as  well  as  to  the  sulphuretted  hydrogen  of  the 
putrefying  pulp  acting  upon  the  iron  of  the  tooth. 

Simple  Erosion. 

Simple  erosion  of  the  surface  is  common  both  in  children  and  adults.  It  consists 
in  the  scooping  out  of  minute  cup-shaped  cavities  often  located  on  the  labial  aspect 
of  the  tooth  without  the  ordinary  symptoms  of  caries.  These  erosions  are  sometimes 
of  considerable  size.  They  pierce  through  the  enamel  down  to  the  dentine.  The 
erosion  tends,  however,  to  be  arrested  and  not  to  involve  the  vitality  of  the  tooth. 

Syphilitic  Teeth. 

Hutchinson  (No.  610,  L  1866,  p.  817)  called  attention  to  a  peculiar  deformity  of 
the  permanent  teeth  the  result  of  inherited  syphilis.  The  upper  central  incisors 
are  those  most  typically  affected.  These  teeth  are  more  or  less  peg-shaped  and  very 
thin.  After  a  while  a  crescentic  segment  breaks  away  from  their  edge,  leaving  a  notch 
which  is  permanent  for  some  years,  but  ultimately  becomes  worn  down. 

Other  Diseases  of  the  Teeth. 

Apart  from  periosteitis,  suppuration  of  the  fang,  and  so  on,  the  teeth  sometimes 
uffer  from  the  accretion  of  an  excessive  layer  of  cementum  around  their  roots.  It 
forms  an  exostosis-like  growth.  In  some  instances  a  huge  odontoma  grows  from  the 
formative  pulp  and  may  press  upwards  into  the  antrum.  In  horses  these  tumours 
are  common  enough,  and  consist  of  an  irregularly-contoured  mass  of  dentine  some- 
times with  an  admixture  of  enamel  or  bone.  Supernumerary  teeth  are  often  met 
with.  Dentigerous  cysts  may  form  in  the  jaws  and  occasionally  extend  up  into  the 
antrum.  They  seem  to  arise  in  connection  with  the  teeth,  and  may  even  have  teeth 
lying  within  tiiem. 

Idierature  on  Diseases  of  the  Teeth. — Black :  American  System  of  Dentistry. 
Harris :  Principles  and  Practice  of  Dentistry,  1889.  Leber  and  Rottenstein : 
TJcb.  d.  Caries  a.  Zahne,  1867.  Maeitot :  Recherches  sur  la  carie  des  dents,  1871. 
Miller  :  Die  Mikro-organismen  der  Mundhohle,  1889  ;  also^  American  Transl.  1890. 
Milles  and  Underwood  (Caries):  Trans.  Intemat.  Med.  Cong.,  Lond.,  1881* 
Mummery  (Caries) :  Trans.  Odont.  Soc.,  Gt.  Britain,  ii.  1870,  p.  7  ;  also  (Prepara- 
tion of  Teeth  and  Bone),  Brit  Joum.  Dent.  Sc.,  xxxiii.  1890,  p.  678.  Sewill : 
Student's  Guide  to  Dental  Anatomy  and  Surgery,  1876.  Tomes :  Syst.  Dental 
Surgery,  1887. 


CHAPTER  XC 
DISEASES  OF  THE  SKIN 

Pigmented  Conditions  of  the  Skin. 

1060.  The  skin  becomes  more  or  less  universally  bronzed  or  of 
a  mulatto-tint  in  Addison's  disease.  The  term  chloasma  (x^«N 
I  am  pale  green)  is  one  of  generic  significance  applied  to  pig- 
mentation diffusely  spread  abroad,  or  localised  to  patches,  and 
occurring  on  the  face  or  other  parts  of  the  trunk.  By  C.  uierimm 
is  meant  the  pigmentation  of  the  areolae  of  the  nipples  and  of  the 
linea  alba  in  pregnancy  and  sometimes  in  diseased  conditions  of  the 
uterus.  EpMides  or  freckles  &Te  due  to  brown  pigmentation,  caused, 
like  other  forms  of  pigmentation,  by  deposit  of  pigment  in  the  rete 
Malpighii.  The  application  of  counter-irritants,  or  the  exposure  of  the 
skin  to  unusually  great  heat,  induces  a  brown  pigmentation.  The 
dappled  brown  colour  of  the  front  of  the  legs  seen  so  frequently  in 
old  subjects  has  been  alleged  to  be  caused  by  exposing  the  legs  to  the 
heat  of  the  fire  (Ephelis  ignealis).  Many  eruptions  leave  a  pigmented 
condition  of  the  skin  after  they  heal. 

The  pigment  is  found  most  abundantly  in  the  rete  Malpighii,  but 
the  papillary  layer  underneath  is  also  coloured.  In  Addison's  disease 
the  coloration  of  the  cutis  vera  is  well  marked.  In  fact  the  rete 
cells  seem  to  get  their  pigment  at  second  hand  from  that  contained  in 
the  fibrous  tissue  of  the  cutis. 

Pigmentation  is  sometimes  brought  about  spiuriously  by  the 
excessive  use  of  silver  (argyria),  arsenic,  picric  addy  and  other  poisonous 
substances.     Tattooing  is  another  form  of  spurious  coloration. 


Pityriasis  Rubra  (Hebra). 

1061.  By  Pityriasis  {irirvpov,  furfur,  bran)  the  older  writers  unde^ 
stood  several  varieties  of  dermatitis  in  which  fine  scales  are  thrown  off 
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in  varying  quantity.  Most  of  these,  however,  are  now  considered 
to  represent  simply  phases  of  particular  skin  diseases  of  wider  range, 
such  as  eczema ;  while  others,  such  as  P.  versicolor,  are  known  to  be 
caused  by  a  vegetable  micro-parasite. 

Pityriasis  rubra,  however,  seems  to  be  quite  a  special  disease,  and 
according  to  Hebra  (No.  616,  ii.  p.  69),  who  gave  it  this  name,  was 
mentioned  by  Bateman  in  his  continuation  of  Willan's  work. 

Hebra  applies  the  name  to  an  affection  in  which,  throughout  its 
whole  course,  the  only  symptom  is  the  persistent  deep -red  coloration  of 
(he  skin.  The  colour  becomes  arterial  red  when  the  individual  is  warm, 
as  in  bed,  more  of  a  pui^ple  when  cold.  Throughout  the  entire  progress 
of  the  malady  there  are  neither  papules  nor  vesicles;  there  is  an 
absence  of  all  abnormal  secretion  and  of  fissures ;  and  the  condition 
of  redness  affects  the  whole  surface  of  the  body. 

The  disease  is  a  rare  one  and  generally  proves  fatal.  The  patient 
falls  off  in  flesh  and  in  energy ;  the  skin  becomes  pale  and  yellow 
tinted  towards  the  fatal  termination. 


Erythema  (€pv6rj/jLa^  redness  of  skin), 

1062.  Definition. — The  term  Erythema  is  employed  by  most 
dermatologists  in  a  somewhat  generic  sense  to  indicate  a  class  of  diseases 
characterised  by  patchy  redness  of  the  skin,  with  more  or  less  effusion  into  its 
superficial  layers.  Many  of  the  diseases  so  classified  are  considered  to 
be  the  result  of  an  angeio-neurosis. 

Theory  of  Angeio-Neuroses. — As  detailed  by  Kaposi  (No.  615, 
p.  299),  this  is  briefly  as  follows :  His  explanation  is  an  extension  of 
that  given  originally  by  Eulenburg  and  Landois.  Firstly,  a  contraction 
of  the  small  arteries  in  a  limited  area  of  the  papillary  layer  of  the 
skin  takes  place  by  stimulation  of  the  vaso-constrictor  nerves,  or  in 
virtue  of  the  protoplasmic  vitality  of  the  capillary  walls.  To  this 
succeeds,  secondly,  a  period  of  relaxation  of  the  wall  and  dilatation 
of  the  channel,  followed  by  hypersemia  and  slowing  of  the  blood 
current.  The  relaxation  results  from  paralysis  of  the  vaso-constrictors 
or  stimulation  of  the  vaso-dilators. 

In  a  first  class  of  examples  the  angeio-neurosis  goes  no  further. 
It  is  characterised  simply  by  temporary  redness  of  the  sldn  without 
effusion  of  blood-products.  Such  are  the  roseolar  eruptions  of  measles, 
syphilis,  etc. 

In  a  second  class,  however,  not  only  is  there  vascular  dilatation,  but 
this  dilatation  is  accompanied  by  effusion  of  serum,  so  that,  in  addition 
to  the  affected  patch  being  red,  it  is  also  infiltrated  and  raised.  Such, 
for  instance,  appears  to  be  the  state  of  the  parts  in  erythema  nodosum 
and  in  urticaria. 

In  a  third  class,  not  only  is  serum  effused  into  the  skin,  but  this 
serum  forces  itself  beneath  the  epidermis  and  forms  vesicles  or  bullae. 
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As  examples  of  such,  the  vesicular  stages  of  erythema  exudativum 
multiforme  may  be  cited. 

In  accounting  for  these  angeio-neurotic  manifestations,  we  must 
suppose  that  some  stimulus  is  applied  to  the  nerve  mechanism  con- 
cerned, either  centrally  or  peripherally. 

Thus  (1)  it  is  comprehensible  that  the  vaso-motor  centres  in  the 
medulla  may  be  acted  upon  directly  by  the  poisons  of,  let  us  say, 
measles,  syphilis,  scarlatina,  typhoid,  etc.,  in  such  a  manner  as  to  bring 
about  the  vascular  dilatation  which  is  the  cause  of  the  eruption. 

(2)  We  may  suppose  further  that  stimuli  applied  to  the  periphery 
may  influence  these  centres  reflexly. 

(3)  The  centres  in  the  higher  brain  exerting  an  influence  over  the 
blood-vessels  may  be  excited  directly  or  reflexly,  and  bring  about  an 
arterial  dilatation  as  in  ordinary  blushing. 

(4)  Apart  from  any  nerve  impulse  propagated  from  the  great 
nerve  centres,  there  is  reason  to  believe  that  stimuli  applied  to  the 
skin  may  act  locally  upon  the  vessels  of  the  papillary  layer.  Thus 
the  thumb-nail  drawn  sharply  across  the  skin  causes  a  line  of  blanching, 
followed  in  a  few  seconds  by  a  corresponding  line  of  redness.  And 
in  some  individuals  so  great  is  the  susceptibility  to  pressure  thus 
exerted,  that  not  only  a  line  of  redness  is  forthcoming,  but  a  distinct 
wheal  of  raised  and  serum -infiltrated  tissue,  like  that  of  urticaria, 
makes  its  appearance  a  minute  or  two  after  the  redness  has  become 
visible.  This  does  not  seem  to  be  a  reflex  effect  of  the  stimulus 
applied,  but  rather  a  purely  local  reaction  of  the  vessel  walls.  It 
is  probably  alike  with  that  which  follows  the  poisonous  stings  of 
insects,  which,  it  will  be  remembered,  are  also  followed  by  great 
oedema. 

It  is  questionable  whether  the  effusion  into  the  skin  in  this  class 
of  diseases  is  to  be  regarded  as  inflammatory,  even  although  it  some- 
times contains  small  round  cells.  It  has  more  the  character  of  a  local 
dropsy.  The  border-land  between  the  two,  however,  is  not  well 
defined. 

The  outward  manifestations  of  such  angeio-neiuroses  vary  according 
to  the  presence  or  absence,  and  the  amount  of  this  efiiision.  Thus 
if  there  be  an  absence  of  effiision,  the  part  may  present  the  appearance 
simply  of  a  rose-red  or  purpk^coloured  patch.  Should  there  be  a  small 
amount  of  effusion,  a  papule  or  tubercle  may  follow.  Should  this  be 
greater,  it  may  conform  in  appearance  to  a  wheal.  While,  if  the 
exudate  undermine  the  epidermis,  a  vesicle  or  bulla,  according  to  the 
amount,  may  be  the  result. 

The  order,  however,  is  always  the  same,  namely,  that  of  macula, 
papula,  tuberculum,  vesiculum,  and  bulla,  in  accordance  with  the  amount 
of  the  effusion ;  and  all  or  any  of  these  may  be  manifestations  of  what 
may  be  called  an  erythematous  affection.  In  keeping  with  this,  several 
forms  of  erythematous  disease  are  generally  described.  They  are 
chiefly  as  follows  : — 
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(1)  Erythema  Emdativum  Multiforme  (Hebra). 

Sijn. — Erythema  Polymorphe  (Kaposi). 

The  disease  gets  its  name  from  the  many  aspects  it  assumes,  pass- 
ing, as  it  may  do,  from  a  mere  roseolar  eruption  into  one  which  is 
distinctly  vesicular. 

It  occurs  symmetrically  and  usually  on  the  backs  of  both  hands 
and  feet,  as  well  as  on  adjacent  parts  of  the  forearms  and  legs.  It 
shows  first  as  minute  spots  or  maculae  of  cinnabar-red  congestion,  from 
a  pin's  head  to  a  lentil-seed  in  area.  These  enlarge,  and  as  they  do 
so  tend  to  coalesce.  They  lose  their  red  colour  under  pressure,  are  flat 
or  elevated,  cedematous  or  hard,  as  the  case  may  be,  and  may  possess  a 
sharp  border.  They  are  widely  disseminated,  and  while  one  crop 
partly  loses  its  colour  and  fades,  a  fresh  crop  appears  in  the  parts 
above.  After  a  few  hours  each  macula  becomes  depressed  in  the 
centre  and  cyanotic,  while  the  younger  periphery  still  retains  its  cin- 
nabar-red tint.  The  increase  in  size  goes  on  until  each  patch  may 
come  to  be  as  large  as  a  crown-piece.  These  finally  run  together,  so 
that  possibly  by  the  second  or  third  day  the  eruption  on  the  back  of 
the  hands  has  become  difiuse.  It  has  a  purple  colour.  If  present  in 
the  face  the  eruption  may  still  have  a  discrete  character,  and  at  parts, 
as  on  the  eyelids,  there  may  be  punctiform  haemorrhages,  which  in 
course  of  time  suffer  discoloration. 

It  sometimes  happens  that  the  centre  of  the  patch  becomes  im- 
usually  pale,  the  margin  remaining  red.  To  such  the  name  Erjrthema 
annulare  is  given.  Where  several  of  these  coalesce  they  constitute 
patches  with  an  irregular  or  sinuous  border.  This  condition  is  known 
as  Eiythema  gyratum  or  figuratum.  If  a  red  spot  appears  in  the 
centre  of  an  otherwise  pale  patch,  the  term  Er3rthema  iris  is  applied 
to  it.  Should  a  little  nodule  form  where  previously  there  was  only  a 
congested  spot,  the  condition  is  called  Erythema  papulatum ;  and 
if  the  patch  be  raised  but  larger  than  a  papule,  something  like  an 
urticaria  wheal,  it  is  known  as  Er3rthema  urticatum  or  Lichen 
urticatus.  If  the  effusion  into  the  skin  be  greater  and  the  liquid 
undermine  the  epidermis  so  as  to  form  vesicles,  the  term  Er3rthema 
vesiculosum  is  applied  to  it ;  and  if  the  vesicles  be  multiple  and 
located  at  the  margin,  that  of  Herpes  circinatus.  Sometimes  in 
the  vesicular  variety  a  single  vesicle  is  seen  at  the  centre,  a  circlet  of 
vesicles  at  the  periphery.  This  is  known  as  Herpes  iris.  One 
vesicle  at  either  the  margin  or  the  centre  may  be  unusually  large,  and 
to  this  form  the  name  Er3rthema  bullosum  is  given. 

The  exudation,  after  the  vesicles  have  atrophied,  may  dry  and  be 
converted  into  crusts.  The  disease  usually  terminates  in  scaling,  and 
leaves  a  brown  pigmented  mark  at  the  affected  part. 

As  a  rule,  there  is  little  if  any  fever  accompanying  the  condition. 
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but  complications  such  as  peri-  or  endocarditis,  pleurisy  or  pneumonia, 
may  arise  and  may  prove  fatal. 

(2)  Erythema  Nodosum  (  Urticai-ia  tvberosa). 

This  disease  is  charactensed  by  the  occurrence  of  congested  and 
elevated  masses  of  skin  varying  in  size  from  a  hazel-nut  to  a  walnut, 
and  usually  situated  upon  the  legs  and  back  of  the  feet,  to  a  less  extent 
upon  the  forearms,  thighs,  and  nates.  They  are  of  hard  consistence, 
of  a  cyanotic  tint  at  the  centre,  brighter  red  at  the  margin.  On 
account  of  their  hardness  they  are  easily  felt,  but  are  unusually  painful 
on  pressure.  They  sometimes  run  together,  at  other  times  are  dis- 
seminated. There  may  be  from  fifteen  to  twenty  of  such  patches 
upon  one  extremity,  and  one  lot  may  vanish  to  be  replaced  by  another, 
a  phenomenon  which  may  continue  for  weeks  or  months. 

Their  appearance  is  usually  accompanied  by  fever,  and  they  are 
looked  upon  as  in  some  way  connected  with  derangements  of  the 
organs  of  digestion. 

Anatomically,  the  thickening  is  found  to  be  caused  chiefly  by 
serous  infiltration  of  the  fibrous  texture  of  the  skin  and  subcutaneous 
areolar  tissues,  together  with  great  congestion  of  the  blood-vessels. 
In  all  respects  the  mass  resembles  a  gigantic  urticaria  wheal 


(3)  Boseola, 

The  term  is  strictly  applied  to  a  measly  rash  occurring  mostly  in 
infants  or  young  children.  It  is  also  employed,  however,  to  indicate 
the  patchy  congestion  of  the  skin  characteristic  of  measles,  S3rphili8, 
scarlatina,  t)rphoid,  etc.  A  similar  rash  follows  upon  the  excessive 
consumption  of  copaiba,  quinine,  opium,  iodine,  bromine,  etc. 

It  is  essentially  a  condition  of  almost  pure  hyperaemia.  There  is 
little  if  any  effusion  into  the  parts  around. 

Other  forms  of  Erythema  are  E.  fugas,  where  the  redness  is 
of  a  transitory  and  patchy  character.  It  comes  out  suddenly  on  the 
face  and  trunk,  and  disappears  in  from  a  few  minutes  to  a  few  hours. 
Chilblains  (pernionides)  are  a  variety  of  erythema  brought  on  by 
frosty  weather.  They  commence  as  erythematous  patches,  which 
rapidly  become  infiltrated.  They  excite  excessive  itching  and  it  may 
be  pain.  They  sometimes  become  much  inflamed  when  exposed  to 
friction  and  may  ulcerate  or  slough.  In  the  first  stage  of  the  disease 
known  as  Pellagra,  a  disease  occurring  chiefly  in  Northern  Italy  and 
Spain,  an  er3rthematous  eniption  shows  itself  on  the  back  of  the 
hands,  on  the  face,  neck,  and  breast.  Acrod3rnia  or  E.  endemi- 
cum  is  characterised  by  the  occurrence  of  an  erythematous  efflorescence, 
something  like  that  of  pellagra.  It  is  located  on  the  hands  and  feet 
In  the  years  1827-29  it  spread  epidemically  over  Paris  and  several 
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other  French  towns.  Since  then  it  has  been  observed  occasionally 
among  French  and  Belgian  soldiers.  The  term  E.  lacve  is  used  to 
indicate  the  erythematous  eruption  occurring  upon  oedematous  limbs. 

Urticaria  (wr/im,  a  nettle). 

1063.  As  before  said,  this  is  another  of  the  so-called  angeio- 
neuroses.  It  is  characterised  by  the  breaking  out  of  congested  wheals 
upon  different  parts  of  the  body,  and  is  usually  connected  with  some 
gastric  disturbance.  The  eating  of  certain  articles  of  diet  serves  to 
bring  out  an  eruption  of  nettle-rash  in  some  persons. 


Erysipelas  (^pwiVcAas,  from  kpvBposy  red,  and  tt^XXo,  tJie  skin). 

Syn, — St.  Anthony's  Fire,  The  Rose. 

1064.  Definition. —  A  amtagiotis  and  sometimes  epidemic  disease, 
characterised  by  acute  inflammation  of  the  skin,  or  of  a  mucous  membraney 
and  to  a  cei'tain  extent  of  the  s^ubcutaneous  areolar  tissue,  tending  to  spread 
over  a  wide  area  from  a  limited  centre,  and  usually  ending  in  resolution  from 
the  eighth  to  the  thitieenth  day.  The  inflammation  is  due  to  a  specific 
microbe,  the  Streptococcus  Erysipelatis. 

Starting  Point  of  the  Disease. — The  inflammation  usually 
originates  in  a  wound ;  it  may  be  a  lacerated  wound  of  the  scalp,  or  a 
mere  crack  or  fissure  in  the  skin.  At  other  times  not  even  an 
abrasion  is  visible.  So  that  the  disease  is  sometimes  described  as 
traumatic  and  idiopathic. 

Seats. — The  skin  of  the  face  and  scalp  enjoys  a  pre-eminence  in 
point  of  frequency ;  that  of  the  arm  or  upper  arm  probably  comes 
next.  The  cicatrising  umbilicus  serves  occasionally  as  the  centre  of 
the  infected  area  (erysipelas  neonatorum) ;  while  in  rare  instances  the 
mucous  membrane  of  the  pharynx  and  nares  is  the  part  primarily 
invaded  by  the  specific  coccus.  Puerperal  fever,  so  called,  seems  in 
many  cases  to  be  caused  by  the  same  parasite  as  that  of  ordinary 
erysipelas.  The  vagina,  uterus,  and  peritoneum  are  the  seats  of  its 
growth  and  ramifications.  The  liquid  taken  from  a  puerperal  peri- 
tonitis teems  with  the  microbe.  These  puerperal  cases  may  or  may 
not  be  accompanied  by  some  cutaneous  manifestation  of  erysipelaa 
Erysipelas  may  also  follow  vaccination,  or  spread  from  an  old  ulcer. 

Vital  Phenomena. — Ordinary  cases  are  ushered  in  with  shiver- 
ing. A  painful  area  of  a  reddish-brown  colour,  and  perhaps  from  half 
a  crown  to  a  crown -piece  in  size,  develops  upon  the  skin.  In  the 
case  of  erysipelas  of  the  face  the  initiatory  seat  of  the  inflammation 
is  often  the  nose  and  its  neighbourhood.  The  inflamed  part,  over 
and  above  being  painful,  is  also  itchy  at  first.  On  the  following  day 
the  blush  of  redness  has  perhaps  spread  over  a  much  wider  area,  and 
in  from  three  to  five  days  the  disease  has  reached  its  acme. 
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The  affected  part  is  now  much  swollen  and  of  a  brownish -red 
colour.  It  pits  on  pressure,  and  presents  a  peculiarly  brawny  hard- 
ness on  being  touched.  Vesicles  or  bullae  filled  with  serous  fluid 
may  force  themselves  up  on  the  surface  (erysipelas  vesiculosum  or 
bullosum),  or  actual  pustules  may  form  in  certain  cases  (erysipelas 
pustulosum).  The  constitutional  phenomena  are  severe.  The  evening 
temperature  rises  to  39°-41°  C.  and  the  individual  is  usually  delirious. 

The  part  then  becomes  softer,  more  and  more  brown-coloured,  and 
scales  or  flakes  of  brown  epidermis  peel  off.  The  vesicles  dry  down, 
and  the  topical  manifestations  of  the  disease  undergo  resolution.  As 
a  rule,  very  little  induration  of  the  part  remains,  but  it  may  happen 
rarely  that  the  skin  assumes  a  pachydermatous  aspect  or  a  perma- 
nent oedema  takes  hold  upon  it  (erysipelas  oedematodes). 

There  is  a  variety  in  which  the  disease  spreads  by  long  shoots  or 
processes  of  inflammation  (erysipelas  migrans  or  erraticum)  which 
attack  fresh  territories  as  the  old  areas  heal ;  and  to  such  an  extent 
may  this  proceed  that  the  whole  surface  of  the  body  may  become 
successively  invaded.  Patches  of  erysipelatous  redness  may  even 
again  show  themselves  in  the  parts  which  have  healed. 

Occasionally,  although  seldom,  the  disease  ends  in  phlegmonous 
suppuration  (erysipelas  phlegmonodes)  or  in  gangrene  (erysipelas 
gangrenosum). 

Anatomical  Changes. — The  cause  of  the  brawny  hardness  and 
tension  of  the  skin  is  the  large  amount  and  the  diffuse  spreading  of 
the  inflammatory  exudation.  The  part  is  full  of  serous  liquid  and 
fibrinous  precipitate.  Leucocytes  are  abundant  around  the  blood- 
vessels ;  and  it  is  said  that  the  fixed  cells  of  the  part  proliferate. 
Doubt  is  thrown  on  this  latter  statement  by  some,  but  the  fact  that 
the  skin  may  remain  permanently  thickened  in  certain  cases  shows 
that  the  connective  tissue  has  been  stimulated. 

The  specific  coccus  is  found  at  the  margin  of  the  blush  of  redness, 
not  in  parts  where  the  inflammation  is  of  older  standing  (Lukomsky, 
No.  13,  Ix.  1874,  p.  418).  And  here,  as  shown  by  Koch  (No.  44,  i. 
1881,  p.  38),  it  is  confined  to  the  lymph-spaces  and  lymph-radicles ;  it 
does  not  infiltrate  the  blood-vessels.  The  blood  in  most  cases  seems 
to  be  free  from  it  (Wolff,  No.  13,  Ixxxi.  1880,  p.  193),  but  thrombus- 
like masses  of  coccus  have  occasionally  been  found  lying  in  the  vessels 
of  internal  organs  (v.  Recklinghausen,  Billroth,  Lukomsky). 

So  abundant  is  the  infiltration  of  the  lymph-spaces  that,  as  shown 
in  Fig.  531,  a  complete  injection  of  these  may  be  presented  to  view. 
Billroth,  indeed,  described  erysipelas  as  an  inflammation  of  the  skin 
in  which  the  irritant  causing  the  inflammation  spreads  through  the 
network  of  cutaneous  lymph-vessels.  Kaposi  calls  it  a  "  lymphangioitis 
capillaris." 

The  coccus  sometimes  invades  the  lymphatics  of  the  subcutaneous 
areolar  tissue,  but  never  to  the  same  extent  as  those  of  the  cerium 
itself. 
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Many  of  the  cocci  are  seen  enclosed  in  the  protoplasm  of  ambulant 
phagocytes,  never,  according  to  Baumgarten  (No.  595,  p.  230),  in 
fixed  cells. 

The   rete    Malpighii  of   the  epidermis  becomes   vacuolated   and 


Pig.  581.— Horizontal  Section  of  the  St-BccTAXEors  Areolar  Tissue  from  a  Case  of 
Human  Erysipelas  (Hartnack,  Oc.  8,  Ob.  8). 

(a,  a)  Lymph-vesRels  filled  with  micrococcus  ;  (b)  blood-capillaries  in  neighbourhood  containing 

blood  but  no  coccus. 


opened  out  into  a  trellis-work-like  structure.     The  cause  of  this  is  its ' 
infiltration  with  effused  liquid,  and  sometimes  the  effusion  is  so  great 
that  vesicles  or  bullae,  as  already  described,  are  forced  up  on  the  sur- 
face.   These  bullse  contain  the  coccus  only  sparingly,  so  sparingly  that 
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the  liquid  may  fail  to  communicate  the  disease  when  inoculated 
(Wolff). 

The  small-cell  infiltration  found  around  the  blood-vessels  also 
invades  the  root-sheaths  of  the  hair.  Hence  the  hair  tends  to  lose  its 
hold  and  to  fall  off.  The  sebaceous  glands  are  similarly  the  subject  of 
a  small-cell  infiltration. 

The  Microphyte. — Fehleisen  (see  collected  papers  in  No.  612) 
was  the  first  to  isolate  the  coccus  of  erysipelas.  He  obtained  it  from 
the  inflamed  skin.  It  appears  to  be  identical  with  the  Streptococcus 
pyogenes  found  by  Passet  and  Rosenbach  in  abscesses,  although  till  lately, 
and  even  yet,  there  was  a  difference  of  opinion  on  this  subject.  It  takes 
the  form  of  a  sinuous  chain  or  rosary,  the  individual  members  of  the 
chain  being  round  and  not  all  of  like  size.  Even  when  thus  strung 
together  there  is  a  tendency  for  them  to  hang  in  couples  (diplococci). 
They  are  easily  stained  by  ordinary  methods,  and  are  not  decolorised 
by  Gram's  process.  The  same  organism  is  found  in  the  lochial  dis- 
charge, and  in  the  liquid  within  the  peritoneum  of  women  suffering 
from  puerperal  fever. 

It  grows  on  most  media,  with  the  exception  apparently  of  potato. 
It  will  develop  at  a  temperature  as  low  as  16°-18°  C,  but  a  body 
temperature  is  more  favourable.  When  a  puncture  inoculation  of  a 
tube  is  made,  the  colonies  begin  to  show  along  the  track  of  the 
needle  within  twenty-four  hours,  but  only  sparingly.  In  about  four 
days  the  characters  of  the  growth  may  be  well  studied.  It  loses  its 
virulence  in  a  few  weeks,  and  dies  out  in  about  four  months.  The 
track  of  the  needle  in  nutritive  gelatine  shows  fine  white  round 
colonies.  Similar  colonies  show  on  the  surface,  which  in  due  time 
run  into  a  white  scale-like  film.  It  never  liquefies  the  gelatine.  On 
agar  very  much  the  same  appearances  are  noticed.  It  is  particularly 
virulent  when  taken  from  a  puerperal  peritonitis. 

The  organism  is  readily  destroyed  by  germicides.  After  a  few 
seconds'  contact  with  a  1  per  mille  solution  of  corrosive  sublimate, 
or  a  little  longer  with  a  3  per  cent  solution  of  carbolic  acid,  its  vitality 
has  gone.  After  ten  minutes'  exposure  to  a  temperature  of  52°-54^ 
C,  it  likewise  dies  (Sternberg,  No.  613,  p.  276). 

If  a  pure  culture  is  inoculated  upon  the  ear  of  the  rabbity  it 
causes  localised  erysipelatous  inflammation,  which  in  the  course  of 
thirty-six  to  forty-eight  hours  extends  to  the  root  of  the  ear.  Sub- 
cutaneous injections  do  not  usually  cause  erysipelas;  they  often 
indeed  prove  quite  harmless,  or  at  most  end  in  calling  forth  a 
phlegmon.  Similarly  intravenous  injections  fail  to  excite  erysipelas, 
and  may  not  elicit  any  symptom  of  note.  Implanted  in  the  cornea,  it 
spreads  between  its  laminae  in  a  characteristic  fashion. 

Inoculated  upon  Man,  a  pure  culture  calls  forth  a  characteristic 
erysipelas.  It  has  been  frequently  inoculated  upon  Man  \vith  the 
view  of  arresting  the  growth  of  ineradicable  tumours  such  as  lupus, 
cancer,  etc.,  and  even  with  the  object  of  removing  syphilides  (Busch, 
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Volkmann,  Fehleisen,  Janicke,  and  Neisser).  It  has  been  said  that 
these  tumours  cease  to  gi^ow  and  suffer  retrograde  degeneration  when 
a  natural  attack  of  erysipelas  ensues  in  their  neighbourhood,  and  it  has 
been  alleged  that  on  several  occasions  a  salutary  result  has  followed 
the  excitation  of  such  an  erysipelas  artificially.  But  the  practice  has 
never  become  generalised,  owing  to  the  danger  accompanying  it.^ 

Of  seven  individuals  suffering  from  tumours  and  inoculated  by 
Fehleisen  (No.  612),  six  took  erysipelas.  The  seventh  had  suffered 
from  an  attack  of  erysipelas  of  the  face  two  or  three  months  before, 
and  proved  to  be  immune.  It  is  said  that  salutary  results  follow  only 
where  the  coccus  wanders  abundantly  into  the  tumour  structiu^. 

Cause  of  sudden  Cessation  of  Disease. — ^When  the  attack 
of  erysipelas  has  reached  its  height  the  fever  rapidly  declines,  and 
the  coccus  vanishes  from  the  inflamed  part.  Several  theories  have 
done  duty  to  account  for  this.  One,  upheld  by  Metchnikoff  (No. 
13,  cvii.  1887,  p.  209),  is,  that  the  phagocytes  engulf  the  para- 
sites and  destroy  them — ^the  theory  of  phagocytosis.  Another  is  that 
the  high  temperature  at  the  climax  of  the  disease  kills  them.  De 
Simone  (No.  614,  Nos.  viii  and  xii.)  found  that  a  pure  culture  was 
deprived  of  vitality  on  being  subjected  to  a  temperatiure  of  39-5°-41° 
C.  for  two  days. 

Infectiosity. — ^The  coccus  of  erysipelas  in  its  natiu^l  habitat  is 
probably  a  saprophyte.  It  adheres  to  particles  of  dust,  and  may  be 
conveyed  by  means  of  them  from  one  host  to  another.  It  has  been 
found  by  Eiselsberg  and  £mmerich  in  the  atmosphere  of  a  surgical 
ward  notorious  for  the  number  of  erysipelas  cases  occurring  in  it. 

LitercUure  on  Erysipelas,  —  Achakne:  L'erysip^le,  1898.  Billroth:  Cocco- 
bacteria  aeptica,  1874.  Cii^man  (£rysip^le  a  Repetition):  Arch.  gen.  de  mdd., 
1892,  1.  p.  24.  I>6nuc6:  Etude  sur  la  pathog^nie  et  I'anatomie  patholog.  d. 
rEiysip^le,  1885.  ▼.  Eiselsberg  (Erjrsipelas  Cocci  in  Air) :  v.  Langenbeck's  Arch., 
XXXV.  Emmerich  (Erysipelas  Cocci  in  Air) :  Vers.  Deut.-Naturf.  u.  Aerzte  zu 
Berlin,  1886,  p.  433.  Fehleisen :  Aetiologie  des  Erysipels,  1883.  Fliicrge :  Die 
Mikro-organismen,  1886.  Fraenkel :  Grundriss  der  Bacterienkunde,  1887. 
Galliard  (Staphylococcus  Arthritis  of  Knee  in  case  of  Erysipelas  of  the  Face) :  Bull, 
et  m^m.  Soc.  m6d.  de  hdp.  de  Paris,  ix.  1892,  p.  438.  Htiter:  Gnindriss  d. 
Chimrg.,  1880.  Knoor  (Identity  of  Streptococcus  Pyogenes  and  S.  Erysipelatis) : 
Berl.  klin.  Wochnschr.,  xxx.  1893,  p.  699.  Koch:  Mittheilungen  a.  d.  kaiserL 
Gesundheitsamte,  i.  1881,  p.  38.  Lukomsky:  Arch.  f.  path.  Anat,  Ix.  1874,  p. 
418.  Metchnikoff:  Arch.  f.  path.  Anat,  cvii.  1887,  p.  209.  Nepveu:  Des 
bact^ries  dans  I'^rvsip^le,  1870  and  1885.  Orth  (Experimental):  Arch.  f.  exp. 
Path.  u.  PharmakoL  i  p.  81.  Passet :  Untersuchungen  iib.  die  eitrigen  Phlecmonen 
des  Menschen,  1885.  Pfuhl  (Case  of  General  Infection  with  Streptococcus  following 
Cutaneous  Erysipelas):  Ztschr.  f.  Hyg.  u.  Infectionskrank,  xii.  1892,  p.  617. 
Roger  (Experimental  Study  of  Streptococcus  of  Erysipelas) :  Rev.  de  med.,  xii. 
1892,  p.  929.  De  Simone  (Relationship  of  a  Form  of  Pyaemia  to  E.) :  Morgagni, 
1885,  Kos.  8-12.  Wolff:  Ai-ch.  f.  path.  Anat.,  Ixxxi.  1880,  p.  193.  Ziegler: 
Naturforscherversammlung  in  Salzburg,  1881. 

1  In  this  relationship  it  may  be  mentioned  that  the  late  Mr..  Syme  observed  an  indo- 
lent ulcer  of  the  leg  take  on  a  remarkable  healing  action  after  a  localised  attack  of 
erysipelas,  an  observation  which  led  him  to  adopt  the  practice  of  applying  a  blister  to 
such  ulcers,  with,  as  is  admitted,  the  very  best  remedial  effect. 
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Eczema  (fK^e/Lui,  a  heat  spot;  from  tK^o},  I  bail  aver), 

1065.  This  is  often  described  as  a  catarrhal  affection  of  the  skin, 
from  the  fact  that  it  resembles  catarrh  of  mucous  membranes.  The 
disease  usually  runs  an  acute  course,  but  in  certain  subjects,  more 
especially  those  of  lowered  vitality,  it  tends  to  become  chronic  and 
intractable. 

Vital  Phenomena. — It  is  characterised  firstly  by  more  or  less 
redness  of  the  skin,  accompanied  by  itching.  Next  an  eruption  of 
papules  occurs  upon  the  pai-t,  followed  by  vesicles  or  pustules,  from 
which  there  exudes  a  viscid  watery  discharge ;  the  papillary  layer, 
and  sometimes  the  entire  depth  of  the  corium,  become  thickened. 
Scabs  or  scales  form  on  the  surface,  which  on  falling  off  leave  the 
skin  in  a  comparatively  healthy  state,  although  generally  somewhat 
brownish  coloured.  The  parts  of  the  body  most  frequently  affected 
are  the  face,  hands,  and  interdigital  spaces  of  the  toes,  auditory  meatus 
or  nares  and  theii*  vicinity,  the  folds  of  the  groin,  nates,  external 
genitals,  etc. 

Terminology. — ^A^arious  terms  are  applied  to  particular  forms  of 
eczema  according  to  the  dominant  peculiarity  of  the  case.  Thus 
those  of  E,  papulosum  or  lichen  simplex,  vesiculosum,  or  erythemaiosum 
are  used  to  indicate  that  the  disease  inclines  to  the  papular,  vesi- 
cular, or  oedematous  infiltrated  and  congested  type.  E.  pustulosum 
or  impetiginodes  is  that  variety  in  which  pustules  instead  of  papules 
or  vesicles  are  present ;  E.  rvhrum  or  niadidanSy  where  the  infiamma- 
tion  is  intense ;  E.  squamosum,  where  the  inflammation  is  slight,  and 
where  there  is  a  psoriasis-like  tendency  to  desquamation.  The  term 
Intertrigo  is  applied  to  the  excoriated  condition  resulting  from  the  close 
apposition  and  friction  of  two  adjacent  skin  surfaces. 

Morbid  Anatomy. — Little  or  nothing  is  known  of  the  true 
pathology  of  many  of  the  varieties.  Some  of  them  are  said  to  be 
reflex  angeio-neuroses,  and  to  be  closely  related  to  the  erythemata. 

The  papillary  layer  of  the  corium  is  that  which  is  most  affected. 
It  presents  evidence  of  inflammation  in  the  presence  of  a  small-cell 
infiltration  of  its  interfibrillar  spaces,  and  liquid  exudation.  In  the 
papillary  variety  the  papillae  are  swollen  The  greater  the  intensity 
of  the  inflammation  the  deeper  the  small-cell  infiltration  spreads  into 
the  corium,  and  it  may  be  into  the  subcutaneous  fat  The  epidermis 
becomes  opened  out  and  undermined  by  the  exuded  liquid,  as  in  any 
other  vesicular  lesion  of  the  skin. 


Impetigo  (a  scabby  eruption ;  from  impeteie,  to  assail  or  attack). 

1066.  This  in  olden  times  was  the  generic  tei-m  for  a  pustular 
eruption.  Most  of  the  forms  of  impetigo,  however,  prove  to  be 
simply  varieties  of  eczema  {E,  pustulosum). 
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There  is  one  variety,  notwithstanding  (/.  contagiosa),  which  is 
generally  held  to  be  a  special  disease,  and,  as  its  name  indicates,  the 
impression  is  that  it  can  be  communicated  from  one  individual  to 
another.  It  starts  as  an  eruption  of  vesicles  on  various  parts  of  the 
body,  which  in  course  of  time  become  converted  into  pale  yellow- 
coloured  pustules.  Several  microphytes  and  even  moulds  have  been 
isolated  from  the  contents  of  the  pustules,  but  probably  these  are  to  be 
regarded  more  as  evidence  of  contamination  than  as  the  specific  cause 
of  the  disease. 

Ecthyma  (cK^vfui,  a  pustule)  appears  to  be  simply  a  variety  of 
this  disease  occurring  on  the  trunk  or  limbs,  and  distinguished  by  the 
affected  part  possessing  an  inflamed  basis.  The  inflammation  is  prob- 
ably the  result  of  friction. 


Vesicular  Skin  Diseases. 

1067.  There  are  certain  affections  of  the  skin  characterised  essen- 
tially by  the  vesicular  efflorescence  accompanying  them.  The  more 
prominent  members  of  the  group  are  Pompholyx,  Herpes,  and  Pem- 
phigus. The  miliaria  or  sudamina  appearing  in  feverish  states  of  the 
body  are  to  be  reckoned  in  the  same  category.  They  appear  to  be 
simply  localised  portions  of  epidermis  undermined  by  sweat. 


(1)  Pompholyx  (Trofw^Avf,  a  vmier-hubhle). 

The  term  is  applied  to  an  eruption  of  bullae  or  blebs,  devoid  of 
an  inflammatory  basis  and  unaccompanied  by  fever,  in  which  the  blebs 
are  located  upon  the  hands  and  feet,  and  vary  in  size  from  a  millet 
to  a  nux-vomica  seed  or  larger.  They  do  not  rupture  spontaneously, 
but  tend  to  dry  up  and  be  absorbed.  The  liquid  they  contain, 
according  to  Crocker  (No.  617,  p.  136),  is  neutral  or  alkaline  and 
perfectly  clear  at  first,  although  that  in  the  older  ones  is  turbid. 

The  vesicle,  according  to  the  same  authority,  is  usually  hollowed 
out  in  the  midst  of  the  rete  of  the  epidermis,  and  often  in  the  course 
of  a  sweat  duct. 

(2)  Herpes  {Ipiru),  I  creep). 

Definition. — By  herpes  is  understood  a  transitory  eruption  of  one 
or  more  vesicles  occurring  upon  a  congested  base,  and  either  inde- 
pendently or  as  an  accompaniment  of  some  other  disease,  such  as 
acute  pneumonia,  intermittent  fever,  typhoid,  gonorrhoea,  etc. 

Varieties. — ^There  are  several  varieties,  but  the  most  important 
are  H.  labialis  or  facialis,  H.  zoster,  and  H.  progenitalis  or  preputialis. 

Herpes  labialis  has  been  already  described  (see  p.  445). 


880  DISEASES  OF  THE  SKIN  part  ni 

Herpes  zoster  {((Mmfjp,  a  belt)  or  shingles  is  characterised  by 
the  eruption  of  vesicles  occurring  usually  on  one  side  of  the  trunk, 
but  it  may  be  on  the  face  or  elsewhere.  The  vesicles  may  come  out 
successively;  they  are  surrounded  by  a  halo  of  redness,  and  their 
appearance  is  accompanied  by  great  pain.  The  vesicles  contain  clear 
serum  at  first,  which  becomes  milky  later  on  and  ultimately  may  be 
purulent.  It  vanishes  in  course  of  time,  but  leaves  distinct  scars  at 
the  points  where  the  vesicles  have  existed. 

It  is  said  that  the  eruption,  wherever  situated,  follows  the  course  of 
a  cutaneous  nerve,  so  that  the  view  is  generally  entertained  that  herpes 
is  a  skin  disease  essentially  under  the  domination  of  peripheral  nerves — 
that  it  is,  in  fact,  one  of  the  angeio-neuroses ;  and  this  is  borne  out  by 
the  fact  that  the  intercostal  or  other  nerves  concerned  are  found  to  be  in 
a  state  indicative  of  inflammation.  The  disease  in  fact  looks  as  if 
it  were  a  peripheral  neuritis  accompanied  by  serous  effusion  into  the 
epidermis.  Sometimes  the  nerve  lesion  seems  to  be  central,  and  then 
the  motor  fibres  may  participate  in  the  neuritis  as  well  as  the  sensory. 
A  paralysis  from  this  cause  may  ensue  in  the  course  of  the  disease. 

The  nerves  most  commonly  involved  are  the  intercostals  and  the 
fifth.  It  is  stated  by  Robinson  (No.  620,  p.  231)  that  a  small-cell 
infiltration,  a  perineuritis,  sometimes  prevails  around  the  nerves  of  the 
subcutaneous  areolar  tissue,  and  that  this  small-cell  infiltration  may  be 
seen  to  follow  the  finer  branches. 

Herpes  progenitalis  is  a  vesicular  eruption  occurring  upon  the 
prepuce,  glans  penis,  labia,  or  even  on  the  cervix  uteri.  The  vesicles 
are  small  and  aggregated,  and  are  resident  upon  a  somewhat  congested 
basis.  It  usually  follows  some  time  after  the  cessation  of  a  gonorrhoea 
or  the  healing  of  a  soft  chancre.  If  irritated,  as  by  the  act  of  coitus, 
the  surface  may  become  abraded  and  the  condition  mistaken  for  one 
which  is  chancrous. 

(3)  Pemphigus  (7r€/i<^i^,  a  bubble). 

The  vesicles  are  larger  than  in  any  of  the  other  vesicular  skin  diseases 
mentioned.  They  vary  in  size  from  a  pea  to  a  small  orange,  and  are 
filled  with  clear  serous  liquid  at  first  blood-stained  and  turbid,  but 
becoming,  it  may  be,  purulent  later  on. 

In  P.  vulgaris  the  disease  commences  with  the  appearance  of 
erythematous  spots  or  patches,  followed  possibly  by  urticaria- like 
wheals.  The  vesicles  raise  themselves  upon  these  erythematous  patches, 
upon  the  wheals,  or  it  may  be  upon  the  neighbouring  unchanged  skin. 
The  appearance  of  the  eruption  is  preceded  by  feverish  symptoms 
characterised  by  shivering,  high  temperature,  and  quick  pulse. 

In  from  two  to  six  months  the  disease  suffers  resolution.  The 
vesicles  dry  down  into  scabs,  which  after  being  shed  leave  a  brown- 
pigmented  basis  of  skin.  The  fever  vanishes  and  no  further  eniption 
of  vesicles  is  noticed.     In  other  cases,  however,  the  epidermis  shed 
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with  the  drying  down  of  the  blebs  is  not  reproduced  and  the  raw 
surface  extends  (P.  foliaceus).  The  corium  may  become  involved, 
and  a  gangrenous  slough  take  place.  Granulations  may  subsequently 
show  themselves  on  the  denuded  part. 

Pemphigus  is  occasionally  a  disease  of  infancy,  and,  when  so,  is 
almost  always  syphilitic.  The  vesicles  are  situated  on  an  inflamed 
basis,  and  when  they  rupture  or  are  opened  the  floor  seems  red  and 
almost  granulating. 

The  pathology  of  the  disease  is  still  unknown.  It  is  neither 
contagious  nor  hereditary. 


Formation  of  the  Vesicles, 

In  all  these  varieties  of  skin  disease  the  mode  of  formation  of  the 
vesicles  is  alike.  A  vesicle  is  essentially  a  collection  of  serous  liquid 
embedded  and  encapsuled  within  the  epidermis.  Its  development 
commences  usually  within  the  rete  Malpighii.  The  serous  liquid 
stretches  the  surrounding  epidermic  cells,  and  forcing  its  way  between 
certain  of  them,  gives  rise  to  the  formation  of  a  number  of  cavities. 
Those  cells  constituting  the  walls  of  the  cavities  become  vacuolated 
and  die,  and  when  this  happens  the  vesicle  may  be  found  to  consist  of  a 
single  space,  or  at  most  of  one  with  a  limited  number  of  loculi.  Pus 
cells  possibly  migrate  or  are  forced  out  from  the  adjacent  papillary 
layer  of  the  derma,  causing,  at  first,  a  turbidity  of  the  contained  liquid, 
later  on,  a  complete  transformation  of  it  into  pus. 


Psoriasis  (^wpiWts,  a  being  itchy  or  mangy), 

1068.  The  essential  appearances  of  a  psoriasis  eruption  are 
patches  of  varying  size,  consisting  of  a  congested  basis  with  red 
papillse,  which  bleed  on  being  roughly  handled.  This  red  basis  is 
covered  with  white  scales  or  flakes  of  dead  epidermis.  The  eruption 
is  unaccompanied  by  discharge  of  any  kind  from  its  commencement  to 
its  termination.  The  coloiu*  of  the  congested  cutis  is  bright  red  at 
first,  becoming  duller  later  on.  It  is  a  chronic  and  in  some  cases  a 
peculiarly  intractable  disease,  so  much  so  that  the  term  P.  inveterata 
has  been  applied  to  one  variety.  In  these  old-standing  cases  the 
masses  of  dead  epidermis  are  prolific,  and  sometimes,  becoming  mixed 
with  inspissated  half-purulent  material,  assume  a  rupia-like  aspect  (P. 
rupioides,  M'Call  Anderson,  No.  618,  p.  310).  This  rupia-like 
affection,  however,  does  not  show  an  ulcerated  base  when  the  crust  is 
removed,  as  ordinary  rupia  does. 

Several  varieties  are  described,  chief  of  which  are  the  follow- 
ing:— 

P.  g^uttata  and  punctata,  in  which  the  patches  are  of  small 
size,  in  the  former  discoidal,  in  the  latter  more  papilliform,  and  each 
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covered  by  a  characteristic  scale  of  white  epidermis.     In  P.  num- 
mularis patches  the  size  of  a  half-crown  to  a  crown-piece,  rounded 


and  disc-like,  prevail.     Occasionally  the   patch  assumes  a  ring- like 
(P.  circinata)  or  gyrated  (P.  gyrata)  outline.     The  outbreak  in 
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some  cases,  instead  of  being  limited  to  small  patches,  spreads  over  wide 
areas  (P.  diffusa). 

The  eruption  may  be  limited  to  particular  regions,  such  as  both 
palms  of  the  hands  (P.  palmaris),  or  to  one  only.  Similarly  it  may 
show  itself  on  the  soles  of  the  feet.  In  other  instances  it  may  cover 
the  greater  extent  of  the  surface  of  the  body  (P.  universalis). 

Morbid  Histology. — As  pointed  out  by  Robinson  (No.  619, 
xxviii  July  1878;  also,  No.  620),  the  essential  point  in  the  morbid 
histology  of  psoriasis  is  the  increase  in  the  depth  of  the  rete  Malpighii, 
So  great  is  this  that  the  appearance  resembles  that  of  a  commencing 
cancer.  The  interpapillary  portion  is  where  the  accumulation  of  the 
rete  cells  is  greatest,  and  on  account  of  this  the  papillae  appear  par- 
ticularly long.  The  rete  covering  the  papillae  is  said  to  be  unusually 
slender  (Thin),  hence  the  exposed  surface  is  liable  to  bleed.  Overlying 
the  altered  rete  are  the  psoriasis  scales,  composed  of  dead  horny 
epidermis.  The  death  of  the  cells  forming  these  scales  takes  place, 
according  to  Thin  (No.  6,  1881,  ii  p.  147),  in  the  prickle-cell  layer  of 
the  rete — that  is  to  say,  in  the  layer  which  immediately  overlies  the 
somewhat  cylindrical  cells  adjacent  to  the  corium.  The  ceUs  here 
become  vacuolated  and  lose  their  nuclei,  and  being  cast  off  rapidly, 
increase  the  bulk  of  the  already  abundant  but  badly  constituted  horny 
epidermis,  and  thus  give  rise  to  the  scales. 

The  vessels  of  the  derma  suffer  congestion,  and  the  derma  itself 
becomes  thickened  through  being  infiltrated  with  small  round  cells. 

Nature  of  Disease. — It  has  often  been  supposed  that  psoriasis 
is  a  parasitical  disease.  There  is  no  distinct  evidence,  however,  of  its  being 
contagious,  nor  has  any  specific  microphyte  ever  been  cultivated  from 
it.  It  is  often  hereditary,  and  there  is  some  slight  evidence  to  show 
that  it  is  communicable.  Lassar  (No.  43,  xxii.  1885,  p.  771)  asserted 
that  he  had  conveyed  it  to  rabbits  by  applying  psoriasis  scales,  lymph, 
and  blood  to  the  skin.  The  observations  of  Angelucci,  Lang,  and 
Wolff  on  the  parasitical  nature  of  the  disease  are  not  suflficiently 
far-reaching  to  be  conclusive. 


Ichthyosis  (tx^^vo,  the  dried  rough  skin  of  the  shark). 

1069.  There  are  many  degrees  of  ichthyosis  described,  but  in  all 
of  them  the  essential  characteristic  is  a  dry  and  spiny  roughness  of 
the  surface.  This  varies  from  a  mere  harshness  up  to  a  condition  in 
which  the  papillae  become  converted  into  bodies  like  small  porcupine 
quills. 

Xeroderma. — In  this  there  is  a  mere  harshness  and  dryness  of 
the  skin,  distributed  generally  over  the  body.  The  term  tylosis  is 
applied  to  a  condition  of  this  kind  limited  to  the  palms  of  the  hands 
and  the  soles  of  the  feet.     Sometimes  the  outer  aspect  of  the  upper 


884 


DISEASES  OF  THE  SKIN 


PART  UI 


arm  is  the  seat  of  this  roughness.     It  may  be  that  the  harsh  epidermis 
accumulates  around  the  minute  hairs,  and  the  two  together  give  rise  to 
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Fio.  533.— Ichthyosis  Hystrix  from  Front  op  Abdomen  (xSOO  Diams.) 

(a)  Horny  layer  of  epidermis  vastly  increased  and  much  laminated  ;  (b)  rete  Malpighii  perhaps  a 
little  increased  in  thickness  ;  (c)  papillary  layer  of  true  skin  ;  (d)  branching  rows  of  cells,  probsWy 
obliterated  lymphatics  ;  (f)  sweat-gland. 


spine-like  projections.     This  is  known  as  lichen  pilaris,  and  is  de- 
scribed under  licheti. 
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Ichthyosis  Simplex. — All  the  varieties  of  true  ichthyosis  come 
on  in  early  childhood.  They  are  alleged  to  be  congenital  and  heredi- 
tary, but  there  is  some  doubt  of  this  being  the  case.  It  is  generally 
about  the  second  year  that  the  disease  makes  its  appearance.  It 
spreads,  according  to  all  accounts,  from  a  central  focus,  and  manifests 
itself  more  or  less  generally  over  the  body,  especially  on  the  skin  of 
the  abdomen.  It  forms  crocodile-scale-like  excrescences  on  the  surface. 
The  papillse  in  these  are  not  unusually  prominent.  They  seem  to  be 
caused  rather  by  a  general  thickening  of  the  homy  layer  of  the 
epidermis  and  cutis  vera.  The  altered  epidermis  has  a  sebaceous 
secretion  bound  up  with  it  which  tends  to  bind  the  cells  of  the 
part  into  a  compact  armour-like  mass.  The  skin,  it  should  be  men- 
tioned, also  becomes  very  tight,  so  that  the  child  may  be  unable  to 
cry. 

One  peculiar  variety  of  what  seems  to  be  the  same  disease  occurs 
at  birth  in  what  is  known  as  the  "  Harlequin  foetus."  Several  of  these 
foetuses  are  contained  in  London  Museums.  One  which  the  author 
had  an  opportunity  of  examining  was  exhibited  by  Mr.  Bland 
Sutton  some  years  ago  to  the  London  Pathological  Society.  The  foetus 
is  born,  as  it  were,  ensheathed  in  a  complete  casing  of  scaly  armour. 
There  is  a  continuous  covering  of  hard  material  fissured  in  a  wonderfully 
symmetrical  manner  by  interlacing  cracks  into  polygonal  scale-like 
areas.  From  the  examination  of  the  skin  from  this  same  case  Crocker 
(No.  617,  p.  294)  comes  to  the  conclusion  that  the  incrustation  was 
not  a  mere  deposit  of  vernix  caseosa  of  unusual  thickness  and 
hardness,  but  was  due  to  enormous  thickening  of  the  horny  layers, 
the  cells  mixed  with  fatty  matter  just  as  in  I.  hystrix. 

In  I.  h3rstrix  the  papillae  are  so  elongated  as  to  cause  an  appear- 
ance of  quill-like  bristles  projecting  from  the  part.  They  have  a 
brownish  colour,  and  are  hard  and  spiny  to  the  touch.  All  the 
layers  of  the  epidermis  are  prolific,  but  on  the  surface  the  horny 
layers  have  accumulated  to  an  inordinate  extent  (Fig.  533).  The 
blood-vessels  of  the  cutis  vera  may  be  dilated  and  filled  with  blood, 
and  the  lymph-vessels  in  a  state  of  lymphorrhoea.  The  cutis  vera 
does  not  seem  much  altered. 

The  pathology  of  this,  as  of  so  many  other  skin  diseases,  is  quite 
unknown. 

RuPiA  OR  Rhypia  (pvTTo^,  sordes  or  filth). 

1070.  This  is  essentially  a  syphilide  usually  showing  itself  in  the 
third  stage  of  the  disease,  although  sometimes  it  is  noticed  earlier. 

A  bulla,  the  contents  of  which  may  be  clear  or  blood-stained, 
develops  upon  a  congested  basis.  It  ruptures  and  the  contents 
escape.  The  interior  continues  to  discharge,  and  the  exuded  liquid 
dries  and  forms  a  crust.  This  crust  accumulates  and  becomes  a  conical, 
stratified,  and  rough  projection  like  a  limpet  shell.     At  the  same  time 
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that  the  incrustation  is  gathering,  the  basis  of  skin  on  which  it  is 
located  begins  to  ulcerate,  so  that  by  the  time  the  crust  separates 
a  punched-out  ulcer  presents  itself.  The  ulcer  may  even  show  itself 
before  separation  by  projecting  beyond  the  margin  of  the  crust. 


Diseases  of  the  Sebaceous  Glands. 

1071.  The  sebaceous  glands,  it  will  be  remembered,  are  acinous  in 
their  ramifications  and  mostly  open  by  a  duct  into  a  hair  foUicle.  If 
the  adjacent  hair  is  very  fine,  if  it  belongs  to  the  lanugo  type,  it  may 
happen  that  it  projects  into  the  duct  of  the  gland  before  emerg- 
ing upon  the  surface.  The  largest  glands  are  found  in  the  skin 
of  the  nose  and  in  the  labia;  the  skin  of  the  palm,  of  the  vola 
manus,  and  of  the  planta  pedis  is  alone  devoid  of  sebaceous  glands. 
They  are  lined  by  epithelium  which  secretes  the  fatty  material  or 
sebum. 


(!)  Sebairhoea  (sebum,  suet,  and  ^€0),  I  flow)  or  SteaUnrhm 
{crreap,  (rrkaro^y  fdt). 

By  this  is  understood  either  a  condition  in  which  the  sebaceous 
secretion  is  so  altered  that,  becoming  mixed  with  epidermis,  it  tends  to 
accumulate  in  scale-like  particles  on  the  surface  of  the  scalp  and  other 
parts  of  the  body ;  or  one  in  which  the  sebum  is  secreted  in  too  great 
quantity,  and  is  expressed  upon  the  surface  in  the  form  of  minute 
drops.  The  vernix  caseosa  of  the  foetus  is  an  accumidation  of 
sebum  and  shed  epidermis,  and  that  which  occurs  in  the  adult  is 
simply  a  recurrence  of  this  in  a  limited  degree.  The  condition  of 
seborrhoea  in  the  scalp  sometimes  takes  the  form  of  dandruff  or  scurf. 
Bran-like  scales  are  thrown  off  in  abundance  of  a  gray  or  yellow 
colour.  This  is  usually  looked  upon  as  a  dry  seborrhoea.  The 
excessive  secretion  and  desquamated  epithelium  may  accumulate  in 
the  hair  follicle  to  such  an  extent  that  they  compress  the  hair  and 
cause  it  to  fall  off  prematurely. 

In  the  oily  form  of  the  disease  the  skin  is  unusually  glossy,  from 
the  excess  of  fatty  matter  on  the  surface. 


(2)  Sebaceous  Cysts  m'  Wens. 

These  consist  of  sebaceous  glands  distended  with  more  or  less 
altered  secretion.  They  vary  in  size  from  a  millet  seed  up  to  that  of 
a  hen's  egg,  and  are  found  mostly  on  the  scalp  and  skin  of  the  trunk. 
They  are  usually  soft  and  doughy,  but  if  inflamed  may  become  much 
harder.     Those  on  the  trunk  are  seldom  larger  than  an  almond,  and 
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are  somewhat  flattened  out  and  blanched  in  appearance.  In  the 
centre  is  seen  not  unfrequently  a  minute  black  point  like  that  of  a 
comedone.  It  is  the  obstructed  mouth  of  the  sebaceous  gland  impli- 
cated. In  the  case  of  wens  of  the  scalp,  the  wall  of  the  sac  is  thick, 
and  the  sac  is  readily  drawn  out  on  being  incised  and  the  contents 
evacuated. 

These  contents  consist  of  a  thick  putty-like  substance  made  up  of 
fatty  matter,  epithelium,  cholesterine  crystals,  and,  it  may  be,  abortive 
hairs.  The  odour  emitted  by  the  contents  of  sebaceous  tumours 
located  on  the  skin  of  the  trunk  is  sometimes  extremely  foetid. 

A  wen,  it  should  be  remembered,  occasionally  proves  the  starting- 
point  of  a  cancer,  and  care  should  be  taken  consequently  to  remove 
the  entire  sac. 

(3)  Acne  (aKvr),  quasi,  aKix-qy  a  point). 

This  is  a  very  common  and  often  troublesome  affection,  occurring 
mostly  from  the  time  of  puberty  on  to  that  of  thirty  years.  It 
consists  in  the  occlusion  and  subsequent  or  coexistent  inflammation  of 
the  sebaceous  glands.  Those  of  the  face  are  most  frequently  the 
subject  of  it  The  secretion  of  the  gland  when  first  poured  out  is 
liquid,  but  that  which  lies  near  the  surface  suffers  inspissation,  and 
may  be  mixed  with  epithelial  scales  to  such  an  extent  that  the  mouth 
of  the  gland  becomes  plugged.  This  occluding  plug,  by  exposure,  dries 
and  assumes  a  black  appearance,  so  that  the  summit  of  the  little 
nodule  which  the  distended  gland  constructs  is  black-tipped.  To  the 
body  so  formed  the  name  of  comedone  is  applied.  The  secretion 
pent  up  within  the  gland  becomes  mixed  more  and  more  with  epi- 
dermic cells  and  suffers  inspissation,  so  that,  when  the  comedone  is 
squeezed,  a  worm-like  white  cast  is  expressed.  It  is  said  that  the 
mite-like  parasite,  the  demodex  foUiculonim,  is  often  resident  within 
this,  but  probably  not  so  frequently  as  is  supposed. 

Sometimes  the  accumulated  sebum  lies  beneath  the  epidermis  and 
occasions  a  little  tumour  free  from  inflammation,  to  which  the  name  of 
milium  is  applied.  It  is  commonest  upon  the  eyelids,  temples,  and 
labia  minora. 

The  gland  so  obstructed  frequently  becomes  inflamed,  most  likely 
from  the  influence  of  the  contained  secretion.  The  inflammation 
extends  to  the  immediate  vicinity  of  the  gland,  and  to  the  root-sheath 
of  a  delicate  hair  into  which  the  neck  of  the  duct  opens.  It  is  now 
that  the  disease  goes  by  the  name  of  acne. 

Suppiu^tion  follows,  so  that  the  little  elevation  becomes  yellow- 
tipped,  and  pus  mixed  with  sebaceous  secretion  may  be  squeezed  out 
of  it  The  removal  of  the  pus  relieves  the  surrounding  inflamma- 
tion. 

Boils  or  furunculi  are  of  essentially  the  same  nature,  only  the 
accompanying  inflammation  is  much  more  severe.     They  arise  usually 
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around  a  hair  follicle  and  its  attached  sebaceoiis  gland ;  sometimes,  it 
is  said,  around  a  sweat  gland.  The  inflammation  having  run  an  acute 
course,  suppuration  sets  in.  The  pus  is  evacuated  naturally  or 
artificially,  and  following  upon  this  the  central  core  of  the  furun- 
culus  sloughs  out  and  the  part  rapidly  heals.  A  cicatrix  is  left  more 
or  less  well  marked.  The  pus  contains  the  organisms  of  suppura- 
tion. 

A  carbuncle  is  a  still  further  development  of  the  same  process, 
but  here  the  inflammation  involves  the  subcutaneous  tissue  to  a  much 
greater  extent.  Indeed  it  is  said  (Warren)  that  the  foci  of  inflamma- 
tion are  primarily  located  in  the  subcutaneous  areolar  tissue  and  press 
up  towards  the  surface  later  on.  There  is  this  further  difference  also 
as  compared  with  the  furuncle,  namely,  that  the  foci  of  suppuration 
are  multiple.  The  carbuncle  is,  in  fact,  a  multilocular  abscess,  while 
the  furunculus  is  unilocular. 

Carbuncles  may  have  a  diameter  of  from  2  to  3  inches  oi' 
more,  and  are  accompanied  by  much  fever  and  constitutional  dis- 
turbance. A  huge  slough  of  the  affected  part  takes  place,  and  septic 
poisoning  may  follow.  The  depressing  effects  are  long  in  being 
recovered  from. 

Acne  rosacea  or  g^tta  rosea  is  in  a  manner  a  combination  of 
an  erythema  or  an  eczema  and  acne.  The  classical  seat  is  the  nose  and 
adjacent  skin.  It  commences  as  an  erythema-like  redness  of  the  part, 
followed  by  the  appearance  of  acne  nodules  upon  the  reddened  suiiace, 
and  .general  tuberose  thickening  of  the  skin. 

The  disease  is  often  associated  with  the  alcoholic  habit^  but  in 
many  cases  has  no  connection  with  it. 


Lichen  (Acix^y^'j  lichen), 

1072.  By  lichen  is  understood  a  papular  disease  which  throughout 
its  whole  life  history  suffers  no  further  transformation  into  efflorescences 
of  a  higher  grade,  that  is  to  say,  which  does  not  become  vesicular  or 
pustular  (see  p.  869),  but  suffers  involution  after  it  has  reached  the 
papular  stage  (Hebra  and  Kaposi). 

It  was  a  term  in  frequent  use  in  Willan's  classification  to  indicate 
a  number  of  different  skin  diseases  of  a  papular  nature.  Many  of 
these,  however,  are  not  truly  papular  throughout,  and  as  applied  to 
them  the  term  has  now  become  obsolete.  The  chief  varieties  at 
present  recognised  are  L.  ruber,  L.  scrofulosus,  and  L.  pilaris. 
Several  other  lichen-like  diseases  are  described,  such  as  L.  circum- 
scriptus,  a  serpiginous  papular  eruption  occurring  upon  the  skin  of  the 
chest  and  interscapular  or  lumbar  regions,  and  L.  marginatus,  com- 
mencing as  minute  red  points  in  patches,  somewhat  scaly  on  the 
surface  and  of  a  circular  shape.  The  circle  may  be  incomplete,  so 
that  the  patch  presents  a  horse-shoe  character,  and  occasionally  the 
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circles  meet  and  run  together.  The  spreading  in  circles  and  the 
furfuraceous  desquamation  are  the  two  distinctive  points  whereby  it 
may  be  recognised. 

Lichen  ruber. — There  are  two  recognised  varieties  of  this,  the 
one  where  the  papules  are  pointed  (L.  ruber  acuminatus),  and  the 
other  where  they  are  flat  (L.  ruber  planus). 

In  the  former  the  papules  are  about  the  size  of  a  pin's  head  or 
miUet  seed,  hard,  red,  and  conical,  and  their  summit  is  covered  with  a 
scale  of  epidermis.  The  eruption  may  cover  the  entire  body  or  be 
limited  to  certain  regions. 

In  the  latter  the  papules  are  flat  and  of  a  wax-like  glossy  lustre. 

The  hair  follicles  and  the  papillary  layers  seem  to  be  the  chief 
seat  of  the  anatomical  lesions.  These  consist  in  a  proliferation  of  the 
outer  root-sheath  towards  the  deepest  part  of  the  hair,  together  with 
cellular  infiltration  of  the  papillae,  and  proliferation  of  the  rete 
Malpighii  covering  them.  In  the  flat  variety  many  of  the  papillae 
seem  to  have  suffered  atrophy.  The  epidermis  is  forced  up  by  the 
cellular  accumulation  which  underlies  the  rete  mucosum,  but  the 
horny  layer  is  only  slightly  thickened,  except  in  the  centre  of  a 
papule,  where  it  forms  a  sort  of  conical  plug  fitting  into  a  depression 
of  the  rete.  Its  apex  corresponds  with  the  orifice  of  a  sweat  duct 
(Crocker,  No.  617,  p.  218). 

Lichen  scrofulosus. — The  papules  in  this  form  are  inflammatory 
and  of  a  red  colour.  There  is  an  unusually  great  tendency  to  scaliness, 
and  the  disease  is  met  with  mostly  in  scrofulous  subjects. 

Lichen  pilaris. — In  this  there  is  a  spine-like  elongation  of  each 
papilla,  imparting  to  the  hand  a  peculiar  roughness  when  passed  over 
the  surface.  This  spine -like  body  consists  of  a  hair  follicle  from 
which  projects,  it  may  be,  an  abortive  hair  whose  base  is  surrounded 
by  accumidated  epidermis.  The  spine-like  aspect  is  due  to  epidermic 
accretion. 

It  may  just  further  be  added  that  nothing  is  known  of  the  cause 
of  lichen  in  any  of  its  forms. 


Prurigo  (prurire,  to  itch). 

1073.  This  is  a  disease  characterised  by  crops  of  isolated  chronically- 
inflamed  papules.  They  are  slightly  raised,  and  more  abundant  on  the 
extensor  surfaces  of  the  limbs  than  elsewhere.  There  is  no  recognised 
pathology  of  the  disease.  The  papules,  when  examined  microscopically, 
are  seen  to  be  simply  papillae  infiltrated  with  liquid  and  a  few  in- 
flammatory cells.  In  older-standing  cases  there  is  said  to  be  a  fibrous 
thickening  of  the  corium  itself.  The  hair  follicles  may  be  distended 
with  accumulated  epidermis,  and  the  sweat  ducts  filled  with  epithelium. 
In  more  chronic  cases,  however,  these  structures  are  surrounded  and 
compressed  by  the  sclerosed  derma. 


890 


DISEASES  OF  THE  SKIN 


PART  III 


MoLLUSCUM  {molluscum,  a  mollusc,  from  mollis,  soft). 

1074.  By  ordinary  moUuscum  is  meant  a  fibrous  tumour  arising 
in  the  corium  or  in  the  subcutaneous  areolar  tissue,  and  pushing  the 
true  skin  before  it.  It  is  a  multiple  tumour,  and  occurs  by  preference 
upon  the  flanks,  shoulders,  neck,  and  labia  majora.  Sometimes  it 
occupies  almost  the  entire  cutaneous  surface.  In  structure  it  is  com- 
posed of  loose  areolar  fibrous  tissue,  disposed  in  wavy  bundles  \iath 


Fio.  S84.— Vertical  Section  of  Molluscum  Nodule  (Oc.  8,  Syst.  4  H.) 

(a)  Daughter  nodule  ;  (6,  6,  h)  sections  of  blood-vessels ;  (c)  epithelium  with  homogeneous 
molluscum  bodies  towards  centre  of  the  tumour. 


wide  spaces  between,  filled  during  life  with  lymphy  liquid  and  fibre 
blasts.  It  sometimes  undergoes  retrograde  metamorphosis,  whereby 
its  substance  shrinks  and  vanishes,  leaving  a  loose  sac  of  skin  behind. 
Those  which  are  oedematous  lose  a  great  part  of  their  bulk  when 
excised,  owing  to  the  liquid  draining  off".  The  disease  is  one  prevalent 
in  tropical  or  subtropical  climates.  It  is  a  comparatively  rare  disease 
in  Europe. 

This  molluscum  fibrosum  must  not  be  mistaken  for  molluscum 
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COntag^OSUm,  as  the  two  diseases  are  seemingly  unconnected,  although 
the  generic  name  is  still  retained  for  them  both. 

M.  contagiosum  appears  to  be  a  disease  of  the  sebaceous  glands, 
characterised  by  their  becoming  filled  with  epithelium  and  secretion, 
and  so  converted  into  tumour-like  masses  about  the  size  of  a  lentil  or 
larger.  They  occiu-  in  great  numbers,  and  chiefly  upon  the  skin  of  the 
face  and  trunk.  Their  surface  has  a  peculiarly  pearl-like  transparent 
aspect ;  the  centre  of  the  nodule  is  depressed ;  and  very  often  there  is 
a  minute  opening  in  the  centre  communicating  with  the  interior  of  the 
gland.  From  this  opening  a  milky  fluid  or  firmer  wax-like  substance 
can  be  squeezed  out. 

On  microscopic  examination  the  structure  of  the  tumour  is  character- 
istic (Fig.  534).     It  has  a  somewhat  adenomatous  appearance,  being 
subdivided    into    lobules    and    loculi    by 
fibrous   septa.      The   loculi   are   lined  by 
cubical  or  cylindrical  epithelium  and  the 
cavity  of   each  is    filled   with   loose    epi- 
thelium, oil  globules,  and  fat  crystals,  amidst 
which  are  the  peculiar  structures  known 
as  molluscum  bodies,  upon  whose  pre- 
sence the  reputed  contagiosity  of  molluscum 
is  founded.     They  consist  (Figs.  534  and 
535)  of  what  look  like  large  oval-shaped,      p,^  685.-mollu8cum  bodies. 
degenerated  epithelial  cells,  the  protoplasm 

of  which  has  assumed  a  hyaline  or  keratode-like  aspect.  Around 
them  is  a  mantle  or  loose  investment  evidently  more  fibrous  in  struc- 
ture than  the  rest  of  the  body.  They  have  been  supposed  to  be 
parasitical  in  their  nature,  fashioned  like  gregarinidae,  and  allied  to 
psorosperms.  Nothing  has  ever  been  conclusively  demonstrated  experi- 
mentally to  show  that  they  constitute  the  elements  of  contagion. 
Indeed  that  the  disease  has  contagious  properties  is  denied  by  many, 
although  there  are  alleged  instances  where,  for  instance,  a  suckling 
child  has  appaiently  been  infected  by  the  face  of  the  mother,  and 
where  the  child  again  has  infected  the  breast. 

It  is  generally  supposed,  as  above  described,  that  the  disease  takes 
origin  within  a  sebaceous  gland,  yet  it  should  be  mentioned  that 
Virchow,  Boeck,  Lukomsky,  Thin,  Crocker,  and  others  trace  it  to  the 
rete  Malpighii  and  primarily  to  a  hair  follicle. 


Scleroderma  (a-Kkyposy  hard,  and  S^p/xo,  the  skin). 

1075.  By  this  is  understood  a  state  of  the  skin  in  which  it  becomes 
indurated  or  leather-like  and  rigid.  There  are  two  main  forms  of  the 
disease,  namely,  the  diffuse  symmetrical  form  and  the  circumscribed 
unsymmetrical  form  or  morphoea. 

The  former  of  these  is  a  rare  disease,  and  occurs  chiefly  upon  the 
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chest.  The  skin  feels  hard  and  cannot  be  readily  pinched  up,  owing 
to  its  rigidity.  It  is  not  as  a  rule  pigmented,  nor  are  there  any  pink 
and  white  patches  (Jamieson). 

In  the  latter  the  skin  presents  an  old -ivory -like  colour,  and  is 
thickened  as  before.  It  occurs  in  oval-shaped  patches,  often  in  the 
course  of  a  nerve.  The  blanched  patch  of  skin  may  be  surrounded 
by  a  violaceous  or  lilac  areola. 

According  to  Crocker  (So.  617,  p.  315),  the  changes  in  the  diffuse 
form  are  almost  confined  to  the  corium  and  subjacent  tissues.  The 
blood-vessels  are  surrounded  by  a  dense  sheath  of  cells  whose  origin 
is  unknown.  These  changes  are  preliminary  to  what  is  the  essential 
lesion  of  the  skin,  namely,  an  increase  in  the  connective  tissue  of  the 
coriiun. 

In  the  circumscribed  form,  the  papillae  are  less  prominent  than 
usual.  The  other  features  are  essentially  alike  with  the  foregoing ;  the 
sclerous  tissue  surrounds  the  sebaceous  and  sweat  ducts  more  particu- 
larly.    Thrombi  are  also  found  in  the  vessels. 


Keloid  (Krjkis,  a  stain  or  spot ;  ctSos,  likeness), 

1076.  This  may  also  be  reckoned  as  one  of  the  sclerous  conditions 
of  the  skin.  There  are  two  varieties — (1)  one  in  which  the  keloid 
patch  occurs  spontaneously,  and  (2)  one  in  which  it  establishes  itself 
in  the  centre  of  a  cicatrix  and  spreads  out  therefrom. 

The  spontaneous  variety  arises  without  any  apparent  cause, 
and  is  located  usually  on  the  skin  of  the  breast.  It  is  said  that  the 
pressure  of  the  corsets  in  women,  or  similar  friction  in  men,  such  as 
that  of  leaning  against  a  desk,  is  the  determining  cause  of  its  ap{>earing 
in  this  situation.  Tuberous  or  discoidal  growths  show  themselves  in 
the  corium  beneath  the  papillary  layer,  which  on  microscopic  examina- 
tion appear  to  be  composed  simply  of  coarse  fibrous  tissue  or  of  young 
cicatrix  elements  according  to  the  age  of  the  growth.  The  whole 
appearance  of  the  patch  is  that  of  a  somewhat  elevated  cicatrix. 

The  cicatricial  variety  takes  origin  in  the  cicatrices  from  woimds, 
those  of  syphilis,  et<;.,  and  arising  in  the  centre,  spreads  rapidly  out- 
wards, so  as  eventually  to  surpass  the  original  cicatrix  in  dimensions. 
A  cicatrix  so  small  as  a  leech-bite  may  serve  as  the  nucleus  from  which 
it  gi'ows. 

The  formation  of  cicatrix  commences  around  the  blood-vessels,  wid, 
in  the  idiopathic  variety,  leaves  the  papillae  still  visible ;  in  the  cicatricial 
form  these  vanish. 

Elephantiasis  {Pachydermia,  Fuchs), 

1077.  Many  different  overgrowths  of  skin  and  subcutaneous  areolar 
tissue  often  go  by  the  name  of  Elephantiasis.     The  name,  properly 
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speaking,  however,  should  be  limited  to  the  affection  of  the  leg  in 
which  the  parts  become  so  thickened  that  the  foot  is  almost  hidden, 
and  hence  comes  to  resemble  the  limb  of  an  elephant. 

True  elephantiasis  is  sometimes  known  as  R  Arabum,  from  hav- 
ing been  originally  described  by  the  Arabian  writers.  E.  Graecorum 
seems  to  have  been  a  disease  allied  to,  if  not  identical  with,  leprosy. 
It  was  at  least  an  endemic  and  constitutional  disease,  characterised 
by  the  presence  of  tuberose  infiltrations  of  the  skin  subject  to  ulcera- 
tion. 

The  term  at  the  present  day  refers  to  an  hypertrophic  condi- 
tion of  the  skin,  but  more  particularly  of  the  subcutaneous,  areolar, 
and  other  fibrous  tissues,  enlargement  of  the  neighbouring  lymph- 
atics, and  in  the  endemic  varieties,  by  the  presence  of  the  blood 
parasite,  the  filaria  sanguinis  hominis,  in  the  blood  and  elephantoid 
tissues. 

It  occurs  endemically  both  in  tropical  and  subtropical  climates,  and 
sporadically  in  this  and  other  European  countries. 

Elephantiasis  of  the  Leg. — The  commencement  of  the  disease 
in  this  region  is  characterised  by  an  attack  of  an  erythematous  or 
erysipelatous  nature,  which  after  passing  off  leaves  a  certain  amount 
of  oedematous  swelling.  This  first  attack  is  succeeded  by  others,  which 
also  pass  off  but  leave  an  increasing  degree  of  swelling,  which  now  is 
accompanied  by  fibrous  induration.  The  fibrous  excess  induces  great 
thickening  of  the  parts,  which  becomes  permanent  During  the  time 
of  the  inflammatory  exacerbations  the  individual  suffers  from  high 
fever,  and  other  signs  of  a  general  disturbance  of  the  functions  of  the 
body. 

The  skin  of  the  leg  from  the  knee  downwards  becomes  stretched, 
tense,  and  it  may  be  smooth,  but  sometimes  it  presents  tuberose 
projections,  or  huge  welts  of  skin  may  overlap  the  foot  and  partly 
conceal  it. 

An  eczematous  efflorescence  also  shows  on  the  altered  parts,  from 
which  a  copious  watery  discharge  is  given  off.  Sometimes  it  happens 
that  a  crack  or  fissure  forms  on  the  surface  from  which  lymph  is  given  off 
in  abimdance — a  veritable  lymph-fistula.  The  part  may  pit  on  pressure, 
but  as  a  rule  is  much  harder  than  one  which  is  merely  oedematous. 
Cut  into,  there  is  seen  to  be  great  thickening  of  the  areolar  tissue, 
extending  down  to  the  fibrous  septa  between  the  muscles.  The 
muscles  themselves  are  more  or  less  atrophied,  probably  from  the 
pressure  of  the  surroimding  fibrous  parts.  The  bones  of  the  limb  are 
also  altered.  They  are  sclerous  in  parts,  necrosed  in  others,  and  from 
them  excrescences  like  those  following  periosteitis  may  be  found  pro- 
jecting into  neighbouring  tissues.  The  corium,  although  altered,  is  not 
so  much  thickened  as  subjacent  parts.  The  hair  follicles  and  glands 
are  widely  separated,  and  lie  apparently  more  deeply  embedded  than 
normally.  The  veins  are  abundant,  some  of  them  large,  others  reduced 
in  size.     They  are  filled  with  thrombi,  and  are  in  process  of  fibrous 
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obliteration  (Hebra,  No.  616,  iii.  p.  142).  The  lymphatics  leading  up  to 
the  papillsB  from  the  subcutaneous  fat  tissue  are  swollen  and  readily 
recognisable  on  microscopic  examination.  Large  cyst-like  cavities  are 
seen  here  and  there,  presumably  distended  lymph-vessels;  and  within 
the  areolse  of  the  new-formed  fibrous  basis  of  the  overgrowth  is  a  new 
formation  of  gelatinous  and  apparently  myxomatous  tissue  in  which 
are  myxoma-l3ce  cells.  Some  authors  say  the  fat  is  increased  in 
subcutaneous  parts.  This,  however,  is  questionable;  the  new  formation 
seems  to  be  more  purely  fibrous.  The  popliteal  and  inguinal  lymph- 
glands  are  enlarged,  and  the  lymph-vessels  in  the  groin  can  be  felt 
as  knotted  cord-like  structures  beneath  the  skin. 

Elephantiasis  of  the  Genitals. — ^The  scrotum,  penis,  labia, 
and  clitoris  are  all  subject  to  growths  which  are  generally  held  to  be 
of  a  nature  alike  with  that  just  described.  Truly  enormous  tumours 
may  grow  from  any  of  these  sites.  That  of  the  scrotum,  known  as 
nsevoid  elephantiasis  or  lymphrscrotum,  grows  to  such  a  size  that  it 
interferes  seriously  with  locomotion.  It  entirely  envelops  the  penis, 
whose  skin  becomes  inverted  and  transformed  into  a  sptuious  mucous 
membrane,  while  a  rut-like  channel  in  the  tumour  conveys  the  urine 
away  from  this. 

The  skin  of  the  scrotum,  although  thickened,  is  not  the  part  where 
the  increase  in  bulk  has  chiefly  taken  place.  It  is  the  areolar  tissue 
below  which  is  chiefly  to  blame.  This  is  peculiarly  opened  out,  and 
its  spaces  are  loaded  with  fluid  which  runs  out  copiously  when 
the  part  is  incised.  Lymph  indeed  may  escape  from  the  surface 
during  life,  so  that  a  condition  of  lymphorrhoea  may  be  set  up. 
The  skin  is  often  brown  pigmented.  Sloughs  may  form  on  the 
surface. 

The  disease,  imlike  that  of  the  leg,  is  not  initiated  and  accompanied 
by  successive  attacks  of  erysipelas.  It  begins,  on  the  contrary,  in  a 
circumscribed  hard  mass  within  the  scrotal  tissues,  which  subsequently 
spreads  and  invades  adjacent  parts. 

Elephantiasis  telangeiectodes  or  lymphangeiectodes. — 
This  is  a  congenital  elephantine  disease,  apparently  due  in  part  to  dis- 
tension of  the  l3nnphatic  vessels,  and  usually  aflecting  one  limb.  It 
is  well  developed  at  the  time  of  birth,  but  the  swelling  may  increase 
subsequently. 

Elephantiasis  nasi. — A  tuberose  elephantoid  enlargement  of 
the  tip  of  the  nose  is  sometimes  met  with.  The  tumour  resulting 
therefrom  may  come  up  to  a  hen's  egg  in  bulk  and  produce  a  hideous 
deformity.  The  skin  is  peculiarly  rough  and  nodulated,  and  enlarged 
sebaceous  glands  may  sometimes  be  seen  projecting  from  it  Curiously, 
few  descriptions  of  this  deformity  exist  in  our  text-books  of  cutaneous 
diseases  or  of  pathology.  In  surgical  works  it  is  usually  called  "  a 
lipoma."  This,  however,  is  a  misnomer,  seeing  that  the  new  growth 
is  unusually  poor  in  fat  tissue,  and  that  the  tumour  is  certainly  not  due 
to  an  accumulation  of  this. 
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The  tuberous  mass  is  composed  of  dense  fibrous  tissue  with  com- 
paratively few  blood-vessels  in  it,  and  is  quite  devoid  of  anything 
like  the  structure  of  a  lipoma.  Sections  of  sebaceous  glands  distended 
with  thickened  secretion  are  seen  lying  near  the  surface.  The  appear- 
ance presented  by  the  tumour  mass  in  all  respects  corresponds  to  that 
of  an  elephantiasis  of  old  standing  in  other  parts  of  the  body. 


RHINOSCLEROMA. 

1078.  Rhinoscleroma  is  characterised  by  massive  thickening,  and 
induration  of  the  mucous  membrane  of  the  nares,  nasal  septum,  and  it 
may  be  of  the  lips.  In  some  instances  the  thickening  may  extend  to 
the  mucosa  of  the  pharynx  and  larynx.  The  tumefaction  commences 
in  the  nose  in  the  form  of  hard  red  or  grayish-pink  nodular  masses 
which  are  painful  on  pressure.  The  neighbouring  parts  are  swollen 
and  the  nose  is  tumefied.  The  glottis  may  become  stenosed.  The 
disease  spreads  slowly,  a  patch  of  from  4  to  5  centimetres'  breadth 
continuing  to  grow  for  a  matter  of  fifteen  to  twenty  years.  In  its 
clinical  features  it  has  a  certain  resemblance  to  lupus.  In  this  country 
the  disease  is  very  rare,  but  it  is  commoner  in  Italy  and  Austria,  and 
occurs  sporadically  in  some  parts  of  Germany. 

The  malady  is  caused  apparently  by  a  short  thick  bacillus,  rarely 
longer  than  3  /a,  and  usually  two  to  three  times  as  long  as  broad. 
It  may,  however,  attain  to  7  fi  in  length.  It  has  been  described  by 
Chiari  and  others,  and  more  especially  by  Comil  and  Alvarez  (No.  4, 
vi.  1885,  p.  11  ;  alsOy  Alvarez,  xtnd.  viii.  1886,  pp.  196  and  207). 
According  to  Alvarez  the  rods  are  difficult  to  stain,  and  can  be  coloureid 
best  by  a  strong  methyl-violet  B  or  violet  6B  solution.  They  are  left 
in  it  for  twenty-four  hours.  The  solution  may  be  made  with  or  without 
aniline  water.  The  rods  are  enclosed  in  a  capsule,  sometimes  several 
in  one  capsule,  as  in  the  case  of  Friedlander's  pneumo-bacillus.  Their 
ends  are  rounded,  and  they  are  often  associated  in  pairs.  Within  the 
fibrous  meshes  of  the  tumour  there  are  numerous  large  hyaline  cells, 
and  the  bacilli  above  described  are  often  seen  l)dng  in  their  substance. 
At  other  times,  however,  they  lie  quite  free  in  the  interstices  of  the 
tissue  or  in  the  lymph-vessels.  When  stained  as  above  described, 
three  or  more  coloured  grains  may  be  seen  in  their  interior. 

The  surface  growth  on  gelatine  has  the  same  nail-like  character  as 
Friedlander's  capsule  bacillus.  The  organism  is  aerobic,  non-motile, 
and  does  not  liquefy  the  gelatine.  On  potato  the  line  of  inoculation 
is  marked  by  a  cream-yellow  streak  in  which  gas  bubbles  may  have 
developed.  When  stained  with  a  basic  aniline  dye  the  rod  of  rhino- 
scleroma  is  not  decolorised  by  Gram's  method,  while  Friedlander's 
bacillus  is.  In  other  respects,  however,  it  resembles  Friedlander's 
organism  so  much  that  some  bacteriologists  are  not  satisfied  of  its 
being  a  distinct  species. 
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Lupus  (see  vol.  i.  p.  437). 


Leprosy  (Xctt/oo?,  scaly), 

Syn, — Lepra,  Elephantiasis  Graecorum,  or  Leontiasis. 
1079.  Varieties. — Three  forms  of  the  disease  are  generaUy  re- 
cognised, namely — 

(1)  The  tuberculated  (L.  nodosa). 

(2)  The  anaesthetic  (L.  nervosa). 

(3)  The  mixed. 

Although  there  is  a  tendency  for  the  first  and  second  of  these  to 
coalesce,  yet  many  cases  run  their  entire  course  restricted  to  the  one 
or  the  other  type. 

Distribution. — At  the  present  day  the  only  part  of  Europe  where 
it  is  common  is  Norway,  but  sporadic  cases  occur  from  time  to  time 
even  in  this  country.  In  Scotland  it  seems  to  have  been  a  common 
disease  centuries  ago.  The  village  of  Liberton,  near  Edinburgh,  is 
supposed  to  take  its  name  from  the  leper-house  which  stood  in  this 
locality.  It  occurs  in  Iceland,  the  Russian  coast  of  the  Baltic  and 
Gulf  of  Finland,  in  Portugal,  Spain,  Italy,  Turkey,  Greece,  Palestine, 
and  many  of  the  Mediterranean  islands.  It  is  met  with  almost  all  round 
the  coast  of  Africa,  in  Arabia,  Persia,  China,  Japan,  and  British 
Guiana.  It  is  rare  in  the  United  States  and  in  Australia.  It  is  said 
to  prevail  in  districts  where  fish,  and  more  particularly  putrid  fish, 
forms  a  staple  article  of  diet. 

The  Tuberculated  Form. — The  disease  manifests  itself  out- 
wardly as  an  erythematous  patch,  having  at  first,  it  may  be,  a  mere 
blush  of  redness,  but  assuming  more  of  a  red  or  bluish  colour  later 
on.  The  patch  soon  becomes  infiltrated,  and  the  infiltration  is 
accompanied  by  tenderness  or  absolute  pain  of  a  burning  character. 
The  infiltration  goes  on  increasing  while  the  colour  may  fade,  and, 
coincident  with  their  fading,  the  infiltrated  patches  become  tuberculated 
— that  is  to  say,  nodules  form  on  their  surfaces.  These  vary  in  size 
from  a  millet  seed  to  a  pea  or  hen's  egg,  and  they  may  appear  in 
successive  crops. 

The  primary  seat  of  the  eruption  is  usually  the  head  and  face,  and 
most  frequently  it  shows  first  on  the  cheeks,  temples,  or  forehead. 
The  swelling  of  these  parts  gives  rise  to  a  lion-like  cast  of  features. 
Sometimes  the  locality  first  invaded  is  that  of  the  anterior  aspect  of 
the  forearms  or  the  thighs.  The  tuberculated  masses  grow  larger, 
while  the  skin  becomes  dry  and  cracks.  The  nails  fall  off,  the  hair 
may  be  shed.  Ulceration  ensues  later  on,  leaving  an  intractable 
wound. 
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The  progress  of  the  disease  is  very  slow,  and  it  reaches  its  cb'max 
in  from  eight  to  nine  years.  The  affected  individual  dies  exhausted 
or  from  some  complication  such  as  tubercular  (lepric  ?)  disease  of  the 
lungs. 

The  state  of  the  internal  organs  varies.  The  liver  may  be 
enlarged,  and,  if  infected  with  the  lepra  bacillus,  will  very  likely  be 
found  in  a  state  of  diffuse  interstitial  cirrhosis.  The  spleen  is  also 
enlarged,  and  it  is  said  (Del^pine)  to  be  likewise  cirrhotic.  The 
lymphatic  ganglia  of  particular  regions,  such  as  the  bend  of  the  elbow, 
are  swollen.  The  state  of  the  lungs  is  of  great  importance  from  an 
etiological  point  of  view.  The  notion  entertained  of  the  disease  of 
late  years  is  that  it  is  a  variety  of  tuberculosis.  And  certainly  the 
state  of  the  lungs  would  tend  to  favour  that  theory  of  the  disease. 
The  percentage  of  deaths  from  what  is  called  pulmonary  phthisis  in 
the  disease  is  registered  variously  at  from  11  to  37  per  cent.  There 
does  not  seem  to  be  much  difference  in  the  appearance  of  the  lung 
as  compared  with  that  of  ordinary  tubercular  pneumonia.  According 
to  Del^pine  (No.  192,  xlii.  1891,  p.  386)  the  lesions  are  essentially 
those  of  cheesy  broncho-pneumonia,  combined  with  interstitial  thicken- 
ing, but  without  the  occurrence  of  miliary  tubercles. 

The  Anaesthetic  Form. — This  is  characterised  by  the  lepra 
infiltration  running  along  the  nerve  trunks.  Patches  resembling  those 
of  the  initiatory  stage  in  the  tuberculated  variety  show  themselves 
most  often  on  the  back,  shoulders,  arms,  thighs,  around  the  knees,  and 
on  the  face.  They  are  not  anaesthetic  at  first ;  their  appearance,  in 
fact,  may  be  accompanied  by  a  sensation  of  pricking  pain.  The  diseased 
condition  of  the  skin  often  follows  the  course  of  a  nerve,  the  musculo- 
spiral  more  frequently  than  any  other  (Hillis). 

Evidence  of  the  nerves  leading  to  the  part  being  early  implicated 
is  to  hand  in  the  fact  that  the  individual  begins  to  lose  tactile 
sensibility.  It  is  said  that  the  nerves  are  the  primary  seat  of  the 
disease. 

The  patches  on  the  skin  next  begin  to  assume  a  serpiginous 
character,  and  so  anaesthetic  does  the  part  become  that  it  is  often  burnt 
accidentally.  Ulceration  sets  in;  it  commences  frequently  on  the 
sole  of  the  foot  (Hillis),  apparently  from  a  small  wound  or  a  bum. 
The  muscles  atrophy,  and  probably  by  the  end  of  seven  or  eight  years 
several  of  the  fingers,  or  it  may  be  an  entire  hand  or  foot,  has  sloughed 
off.     The  bones  die  and  are  ejected. 

The  nerves  leading  to  the  affected  parts  are  swollen  not  uniformly 
but  at  intervals.  The  swelling  is  caused  by  a  leprous  infiltration  of 
the  fibrous  septa  of  the  nerve.  The  lesion  seems  to  be  a  chronic 
interstitial  neiuitis,  and  indeed  this  interstitial  character  of  the  new 
formation  appears  to  be  one  which  is  common  to  most  of  the  affected 
organs.  Even  in  tuberculated  leprosy  swellings  due  to  the  above  cause 
will  be  found  on  the  nerves  of  the  extremities. 

The    Mixed   Form. — The   signs   and   symptoms  of  the   two 
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varieties  are  present  in  the  same  subject.  The  tuberculated  characters 
of  the  disease  are  always  prominent,  and  hence  it  has  been  named  by 
Hillis  (No.  637,  p.  125)  "Mixed  tuberculated." 


\  -MtiT 


Fio.  536.— Lkpra.    Perpendicular  Section  of  Skin  of  the  Buttock  at  the  Margin  of  as 
Ulcer.    The  Bacilli  are  seen  coming  to  the  Surface  (x300  Diams.) 

From  a  preparation  kindly  lent  to  the  author  by  Professor  Delepiue. 
(o)  Horny  layer  of  epidermis  ;  (ft)  deeper  layers  of  same  ;  (c)  rete  Malpighii ;  ((/)  popillarj-  layer  of 
cutis  vera ;  (c,  e)  masses  of  bacillus  lying  in  the  ixipillary  layer ;  (/)  same  enclosed  in  large  (lepra) 
cells ;  (g)  bacillus  occupying  a  sweat-gland  ;  (k)  same  in  a  sweat-gland  duct  (Ziehl-Neelsen  sUinX 

The  Lepra  Bacillus. — This  was  discovered  as  early  as  the  year 
1874,  by  Hansen  (No.  638,  Heft  ix.),  in  the  large  cells  of  the  tumour 
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masses.  Even  at  that  early  date  he  considered  it  to  be  the  cause 
of  the  disease.  Later  on,  it  was  more  fully  described  by  him  (see 
Bibliog.).  Both  Hansen  and  Neisser  (No.  13,  Ixxxiv.  1881,  p.  514) 
afterwards  drew  attention  to  the  occurrence  of  this  bacillus  in  the 
new  formations  of  the  skin,  mucosa  of  the  mouth,  palate  and  larynx, 
interstitial  tissue  of  peripheral  nerves,  the  cornea,  in  cartilage,  in  the 
testicle,  lymph-glands,  spleen,  liver,  etc.  They  both  failed  to  find 
it  in  freshly  -  drawn  blood, 
but  Kobner  (No.  13,  Ixxxviii. 
1882,  p.  302)  was  successful  in 
doing  so. 

Since  then  the  examination 
of  the  affected  parts  by  various 
observers  (see  Bibliog.) has  fully 
established  the  fact  that  a 
specific  bacillus  is  widely  dis- 
seminated throughout  the  whole 
body,  even  in  parts  like  bone 
marrow  (Del6pine,  No.  192,  xlii. 
1890-91,  p.  386),  in  which, 
beyond  a  little  inflammatory 
redness,  no  macroscopic  change 
is  perceptible.  Huge  thrombus- 
like  masses  of  this  bacillus 
are  to  be  seen  blocking  the 
channels  of  the  blood-vessels 
of  some  parts.  They  are  abun- 
dant in  the  portal  branches  of 
the  liver. 

The  bacillus,  however,  in- 
duces a  form  of  chronic  inflam- 
mation of  most  tissues  in  which  it  has  taken  up  its  residence,  followed 
by  small-cell  infiltration  and  fibrous  overgrowth,  and  it  is  these  two 
elements  which  constitute  the  basis  of  the  lepra  deposits.  Within 
the  infiltrated  parts  large  vacuohted  cells,  from  the  size  of  a  pus  corpuscle 
to  five  times  this  size,  and  with  several  vesicular  nuclei,  are  to  be  seen. 
They  were  described  long  ago  by  Virchow  (No.  35,  ii.).  The  bacilli, 
as  pointed  out  by  Neisser  (No.  13,  Ixxxiv.  1881,  p.  517),  fill  their 
protoplasm  indiscriminately,  or  what  is  commoner,  are  gathered  together 
within  it  in  little  groups,  in  which  the  individual  bacilli  are  placed 
parallel  to  each  other.  Among  the  bacilli  shorter  bodies  are  always 
seen,  together  with  granular  particles.  Guint  cells  with  many  nuclei  in 
their  interior  are  found  here  and  there.  They  resemble  those  of 
tubercle,  but  are  not  so  numerous.  They  may  be  filled  with  the 
bacilli,  and  where  they  are  aggregated  the  part  tends  to  caseate  and 
ulcerate. 

Specific  Characters, — According  to   Hansen   the   bacilli    are    from 


Fio.  587.— Lepra.  Nodule  in  Fat  Tissue  at  some 
Distance  from  a  Transplantation  or  Lepra 
Tissue  on  to  the  Skin  of  the  Cat. 

It  shows  the  part  beset  with  the  lepra  bacillus,  a  large 
proportion  of  the  bacilli  being  containe<l  in  the  so-called 
lepra  cells  (Ehrlich  double  stain.     Zeiss  B.  B.  2). 
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5  /A  to  6  /x  long  by  1  /x  broad,  but  measurements  by  various  authors 
are  not  all  alike,  showing  that  there  is  considerable  fluctuation  in  their 
proportions.  They  resemble  tubercle  bacilli  so  closely  that  by  many 
they  have  been  regarded  as  identical.  They  stain  as  tubercle  bacilli 
stain,  but  are  less  curved  and  are  more  pointed  at  the  ends.  When 
stained  with  a  basic  aniline  dye  they  are  not  decolorised  by  Gram's 
method.  They  are  not  only  contained  in  the  large  cells  above  referred 
to,  but  are  often  found  lying  free.  Those  which  are  contained  in  cells 
are  less  easily  decolorised  than  those  which  are  not.  They  are 
generally  held  to  be  immobile,  but  there  is  a  conflict  of  opinion  on 
the  subject 

Within  the  infiltrated  patches  of  skin  the  bacilli  (Fig.  536)  are 
very  numerous.  They  are  contained  in  the  same  large  cells  as  in 
other  parts,  and  seem  to  spread  from  the  deep  parts  of  the  derma 
towards  the  surface.  The  spherical  masses  formed  by  these  infiltrated 
large  cells  look  very  like  the  giant-cells  infiltrated  with  tubercle  bacilli 
found  in  pulmonary  tuberculosis  of  the  horse  (Fig.  287).  While  these 
fixed  cells  take  up  the  bacillus  plenteously,  it  appears  to  be  equally 
true  that  cells  with  nomadic  tendencies  fail  to  do  so. 

The  lyrtqjhatics  of  the  skin  are  full  of  the  bacillus,  so  much  so  that  the 
so-called  "  lepra-cells  "  have  been  alleged  to  be  cross-sections  of  these. 

Tlie  lujuid  squeezed  out  from  the  nodules  is  also  largely  contaminated 
with  the  characteristic  organism.  The  walls  of  the  hlood-tessels  within 
the  nodules  are  seldom  free  from  it.  Small  deposits  are  contained 
in  the  muscularis  and  intima,  and  from  this  soiurce  the  bacillus 
gains  access  to  the  blood.  It  is  to  be  presumed  that  it  multiplies 
within  the  body  chiefly  by  fission,  but  Neisser  asserts  that  it  also 
increases  by  sporing. 

The  cuUivation  of  tlie  bacillus,  unlike  that  of  tubercle,  has  till  now 
proved  a  matter  of  the  greatest  difficulty.  In  fact  it  may  be 
questioned  whether  its  cultivation  in  vitro  has  ever  yet  been  accom- 
plished. Rake,  for  instance  (No.  43,  xxviii.  1891,  p.  25),  after  years 
of  diligent  endeavoiu*,  utterly  failed  to  grow  it  artificially.  Burdoni- 
Uflreduzzi  (No.  366,  iii.  1887,  p.  178)  supposed  that  he  had  isolated  it 
from  bone  marrow. 

Contagiosity. — The  disease  is  undoubtedly  contagious.  The 
case  of  Father  Damien,  who  died  from  the  disease  while  attending 
upon  the  sick  in  the  Molucca  Islands,  and  the  transfer  experiment 
made  by  Arning  upon  the  condemned  criminal  Klann,  where  the 
disease  manifested  itself  three  years  after  inoculation  had  been  per- 
formed, have  put  the  question  of  its  contagiosity  beyond  doubt.  On 
account  of  the  long  period  of  incubation  the  source  from  which  the 
disease  has  been  derived  is  often  forgotten. 

Inoculation  experiments  made  by  Rake  (No.  43,  xxviii.  1891, 
p.  26)  on  individuals  already  suff*ering  from  lepra  (L  ansesthetica) 
have  proved  singularly  unsuccessful.  Of  thirty-four  cases  of  lepra 
ansesthetica   inoculated   with   lepra-lymph   or  pieces   of   fresh    lepra 
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tissues,  not  a  single  inoculation  took.     A  nodule  occasionally  formed 
in  the  part  but  gradually  disappeared. 

The  transference  of  the  disease  by  inoculation  to  the  lower  animals 
has  proved  singularly  unsuccessful.  Injections  of  blood,  tissue-lymph 
from  lepra  tumours,  and  deposits  from  leprous  urine,  as  well  as  the 
transplantation  of  fragments  of  lepra  tissue,  at  the  hands  of  various 
experimenters,  have  failed  to  convey  the  disease  to  any  of  the  various* 
animals  upon  which  the  experiment  has  been  practised,  even  although 
the  bacilli  may  remain  embedded  in  the  part  and  still  capable  of  being 
stained  from  four  to  seven  months  after  their  introduction.  Indeed 
Damsch  (No.  13,  xcii.  1883,  p.  20)  believes  that  they  actually 
multiply — a  stage  the  nearest  to  inoculation  which  has  been  obtained. 

Question  of  Identity  of  Tuberculosis  and  Leprosy. — This 
is  a  matter  of  the  greatest  interest  and  one  which  is  still  under  debate. 
The  points  of  similarity  between  the  two  diseases  are  certainly  many. 
Thus  the  bacillus  of  lepra  resembles  that  of  tuberculosis  both  morpho- 
logically and  in  respect  of  its  staining  properties.  There  may  be  minor 
points  of  difference,  but  these  are  so  slight  as  to  be  overbalanced  by  those 
of  resemblance.  Then  the  lesions  produced  by  the  organism  have  a 
certain  similarity.  In  both,  the  tissues  react  as  in  a  chronic  inflam- 
mation, with  production  of  much  cicatricial  substance,  giant-cells,  etc. 
And,  lastly,  there  is  the  fact  that  a  large  proportion  of  lepers  die  from 
what  seems  to  be  ordinary  tubercular  pneumonia,  or  some  other  mani- 
festation of  tubercle  in  the  lung.  We  see  the  tubercle  bacillus  grow 
in  different  parts  of  the  body  under  such  varying  auspices  and  with 
80  varied  a  life -history  that  it  would  not  be  at  all  astonishing  if 
this  disease  also  turns  out  to  be  simply  one  of  its  manifestations. 

Treatment  with  tuberculin  has  been  practised  by  Gold- 
schmidt  (No.  43,  xxviii.  1891,  p.  368)  and  others,  but,  so  far  as  the 
conferring  of  any  beneficial  result  is  concerned,  without  positive  result. 
In  many  of  the  cases  under  observation  the  individual  became  so  weak 
that  further  treatment  by  injection  of  tuberculin  had  to  be  suspended. 
In  one  of  Goldschmidt's  cases  the  injection  induced  inflammatory 
reaction  in  the  lepra  nodules,  with  some  amount  of  retrogression  of  the 
tissue  infiltration,  but  with  no  permanent  benefit  as  regards  the 
eradication  of  the  disease. 

Literature  on  Leprosy. — Babes:  Arch,  de  phvsiol.  norm,  et  path.,  1888,  p.  42. 
Boinet  and  Borrel  (Giant-cells):  Comjpt.  rend.  Soc.  de  biol.,  ii.  1890,  p.  38. 
Cantlie  :  Leprosy  in  Hong-Kong,  1890.  Damsch  (Transference  to  Animals) :  Arch, 
f.  path.  Anat.,  xcii.  1883,  p.  20.  DeUpine :  Seventh  International  Congress  for 
Hygiene,  1892,  vol.  ii.  Bacteriology.  Del^pine  and  Slater:  Trans.  Path.  Soc. 
Lond.,  jdii.  1890-91,  p.  386.  Favrat:  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank., 
X.  1891,  p.  119.  Goldschmidt  (Action  of  Tul>ei*culin  npon) :  Berl.  klin.  Wochnschr., 
xxviii.  1891,  pp.  28,  368.  Hansen :  Arch.  f.  i>ath.  Anat,  Ixxix.  1880,  p.  32  ;  Ibid., 
xc.  1882,  p.  542  ;  Ibid.,  cxx.  1890,  p.  476  ;  also,  Edin.  Med.  Journ.,  xxxvi.  1890-91, 
p.  126.  Heidenstam:  l^ractitioner,  xliv.  1890,  p.  386.  Kanthack  and  Barclay 
(Cultivation  of  Bacillus) :  Arch.  f.  jath.  Anat.,  cxxv.  1891,  p.  398  ;  aho,  Brit.  Med. 
Journ.,  1891,  L  p.  1330.  Kobner :  Arch.  f.  path.  Anat.,  Ixxxviii.  1882,  p.  282. 
Leloir:  Traite  pratique  et  th^orique  de  la  l^pre,  1886.     Neisser:  Arch.  f.  path. 
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Anat.,  Ixxxiv.  1881,  p.  514;  also,  Forts9hr.  d.  Med.,  vii.  1889,  p.  816;  also, 
Verhandl.  d.  deut.  derniat  Gesellsch.,  Wien,  1889,  i.  p.  29.  Philippson  (Symbiosis 
of  L.  and  Tubercle):  Arch.  f.  path.  Anat.,  cxxxii.  1893,  p.  529;  also  (Histology), 
Arch.  f.  path.  Anat.,  cxxxii.  1893,  p.  229.  Rake:  Lancet,  1890,  L  p.  669;  also, 
BerL  klin.  Wochnschr.,  xxviiL  1891,  p.  26.  Unna:  Deut.  med.  Wochnschr.,  No. 
32,  1885-86  ;  also.  Dub.  Journ.  Med.  Sc,  Ixxxix.  1890,  p.  112  ;  also  (New  Doable 
Stain  for  L.  and  Tubercle  Bacilli),  Monatsch.  f.  prakt.  Dermatol.,  xvi  1893,  p.  399. 
Vossins:  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  yilL  1890,  p.  862.  Wyirne : 
Lancet,  1890,  i.  p.  14. 


Diseases  of  the  Skin  due  to  Parasitic  Moulds. 

1080.  The  skin  diseases  resulting  from  the  presence  and  ingrowth 
of  vegetable  parasites  are  known  by  the  generic  name  DetTnatomycoses. 
Most  of  these  vegetable  parasites  belong  to  the  moulds,  and  of  these 
there  are  at  least  three  which  are  distinctly  recognised,  namely, 
Achorion  Schonleinii,  the  parasite  of  favus ;  Trichophyton  tonsurans, 
or  that  of  ringworm ;  and  Microsporon  furfur,  or  that  of  tinea  versi- 
color. They  all  live  in  the  epidermis.  Some  of  them  extend  down 
the  hair  sheath,  some  of  them  into  the  derma  itself.  None  of  them, 
however,  seem  to  thrive  well  on  tissues  which  are  not  epidermic. 
They  are  all  capable  of  communicating  the  disease  by  contagion.  It 
has  been  asserted  (Fox)  that  the  atmosphere  may  act  as  the  medium 
of  conveyance.  The  trichophyton  tonsurans  is,  of  the  whole  of  them, 
that  which  is  most  easily  communicable ;  its  contagiosity  is  very 
great.  Although  persistent  in  some  cases  and  troublesome  as  local 
affections,  they  do  not  impair  the  general  health  to  such  an  extent  as 
to  endanger  life.  So  far  as  known,  they  do  not  spread  to  internal 
parts. 

Favus. 

Syn, — Tinea  favosa.  Honeycomb  ringworm. 

The  disease  manifests  itself  on  various  parts  of  the  body,  mostly 
where  hair  is  abundant.  Regions  in  which  hair  is  sparse  or  absent, 
such  as  the  roots  of  the  nails,  are,  however,  not  exempt  from  it  That 
affecting  the  nails  is  known  as  Onychomycosis  favosa.  The  part 
oftenest  affected  is  the  scalp,  but  patches  alike  with  those  of  the  scalp 
may  be  located  on  the  trunk  or  limbs.  It  affects  young  subjects 
almost  exclusively. 

Cup-shaped  crusts  or  scutula  of  a  canary-yellow  colour  form  on  the 
surface.  Each  crust  is  perforated  by  a  hair,  and  its  margin  is  con- 
siderably raised  above  the  adjacent  parts.  The  crusts  are  placed  in 
such  close  contiguity  that  they  give  the  incrustation  a  honeycomb- 
like appearance. 

Examined  microscopically,  the  scutula  are  found  to  be  composed 
of  dead  epidermic  cells,  bound  together  by  the  mycelial  filaments  and 
spores  of  the  Achorion.     The  Achorion  was  described  by  Schonlein  in 
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the  year  1839.  The  spores  are  abundant  and  of  oval  shape;  the 
mycelium  is  branched  extensively,  and  is,  relatively  to  the  spores,  more 
abundant  towards  the  surface  of  the  scutulum  than  deeper  down. 
The  hair  shaft  and  bulb  and  the  root  sheath  are  filled  with  the  para- 
site, hence  one  diificulty  in  eradicating  it.  The  fungus  penetrates 
perpendicularly  into  the  skin ;  it  passes  through  the  epidermis  into 
the  derma,  which  it  irritates. 


Ringwami, 

Syn. — Tinea  tonsurans.  Herpes  tonsurans.  Herpes  circinatus.  Tinea 
circinata. 

The  disease  manifests  itself  somewhat  differently,  or  at  any  rate 


Fio.  588.— Fungus  from  Favus— the  Achoriom  Schomleinii. 

Fungus  elements  ftx)m  lower  part  of  favus  crust.    Threads  and  gonidia  of  different  calibre  and 
various  fonn.    To  the  right  a  collection  of  epidermic  scales. 


shows  certain  peculiarities,  according  as  it  is  situated  on  the  scalp,  the 
beard,  or  the  trunk  and  extremities. 

In  the  scalp  the  disease  appears  first  in  the  form  of  circular 
slightly  red  patches  covered  with  scales.  The  circular  character  of  the 
patches  is  in  course  of  time  lost.  The  fungus  penetrates  deeply  and 
becomes  more  diffuse.  The  eruption  is  finely  papular  to  begin  with  ; 
it  does  not  usually  become  vesicular  in  the  scalp.  The  growth  of 
hair  is  scanty,  and  more  or  less  baldness  resembling  a  tonsure  follows. 
The  surface  is  covered  with  white,  rough,  dry,  powdery  scales.  The 
parts  underlying  the  scaly  deposit  are  more  or  less  red  and  con- 


In  the  case  of  the  beard  (Sycosis  menti),  reddish,  dry,  and 
slightly  scaly  papules  form  around  the  hairs.      The   hairs   become 
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withered  and  may  crack  off.  The  papules  grow  longer,  become  more 
infiltrated,  and  from  them  a  sticky  yellowish  discharge  may  be  thrown 
off.  This  dries  into  crusts,  which,  when  removed,  carry  with  them 
the  frangible  diseased  hair. 

On  other  parts  of  the  body,  and  more  especially  where  the 
hair  has  a  fine  lanugo  character,  papules  or  vesicles,  arranged,  it  may 
be,  in  discs  or  circlets,  constitute  the  typical  outward  manifestation  of 
the  presence  of  the  parasite. 

The  Parasite. — The  disease  is  supposed  to  be  due,  as  aforesaid, 
to  the  trichophyton  tonsurans,  a  parasite  discovered  by  Malmsten  in 
1843.  As  in  the  case  of  the  other  mould  parasites,  mycelial  threads 
and  spores  are  the  two  forms  which  the  organism  assumes.  The 
older  writers  accepted  the  unity  of  the  organism  in  all  situations. 
It  was  Gruby  who  first  attributed  the  sycosis  menti  to  the  Tricho- 
phyton tonsurans. 

Of  late,  however,  doubt  has  been  thrown  on  this  alleged  uni- 
formity of  the  parasite,  although  it  is  acknowledged  that  in  all  cases 
the  features  of  relationship  are  very  close.  Furthmann  and  Neebe, 
for  instance  (No.  622,  xiii.  1891,  p.  478),  made  out  that  there  were 
in  reality  four  species  of  parasite. 

According  to  Sabouraud  (No.  423,  vii.  1893,  p.  497),  in  the  case 
of  the  beard  and  smooth  skin,  the  spores  are  particularly  large — 
larger  than  a  blood  corpuscle,  and  are  contained  in  filaments  (Fig.  539), 
whereas  in  the  case  of  the  hairy  scalp  of  children  this  large-spore 
variety  of  the  fungus  is  met  with  in  only  one-third  of  the  cases.  In  the 
remaining  two-thirds  the  parasite  appears  to  be  of  a  different  species, 
characterised  among  other  features  by  the  spores  being  smaller  (only 
2-3  fi  in  diam.).  The  spores  of  the  two  varieties  are  never  mixed  in 
the  same  head.  He  calls  the  one  parasite  Tineu  microspoivn,  the  other 
Tinea  megalosporon. 

The  microsporon  induces  a  disease  essentially  of  the  hair,  and 
one  which  occurs  in  childhood.  It  appears  to  be  identical  with  the 
parasite  of  ordinary  contagious  herpes  of  the  horse. 

The  megalosporon  may  take  up  its  stronghold  in  the  hairy  scalp 
of  the  child,  in  the  beani  of  the  adult,  or  in  the  epidermis  of  the 
trunk  and  limbs.  It  calls  forth  deep-seated  dermatitis  and  suppura- 
tion ;  it  is  pyogenic.  The  invasion  by  the  parasite  of  the  hair-foUicle 
excites  a  folliculitis  or  perifolliculitis.  The  follicular  lesions  are 
capped  by  a  sharply  circumscribed  crust  or  cake.  The  underlying 
derma  is  the  subject  of  a  deep-seated  dermatitis.  The  lesion  is  always 
confounded  at  first  with  a  small  furuncle  or  carbuncle. 

He  believes  that  it  has  its  natiu^l  habitat  in  the  horse.  The  horse 
suffers  from  a  pustular  disease,  chiefly  of  the  face  and  nose,  a  disease 
almost  identical  with  that  in  question  of  Man.  Hence  he  considers 
that  the  name  applicable  to  the  parasite  is  Trichophyton  megalosporon 
pyogenes  equi.  It  prevails  as  a  saprophyte,  he  believes,  and  the  horse 
becomes  infected  from  bedding,  etc. 
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The  chief   diagnostic  point  is  the  great  size  of  certain   of   the 


Fio.  639.— Hair  infected  with  Trichophyton  Tonsurans  (Trichophyton  Meoalosporon  or 
Sabouraud)  (x180  Diams.) 

The  figure  shows  the  hair  and  Its  sheath  Infested  with  the  mycelium  and  conidia.    Tlie  coni«lia  are 
particularly  large  in  this  variety,  as  described  in  the  text  (after  Sabouraud). 

spores.      They  are  most  readily  obtained  for  culture  purposes  from 
an  incision  into  the  skin,  or  from  the  discharge  of  the  pustules. 
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It  grows  best  on  must  of  beer  diluted  to  one-fifth  or  one-tenth,  or 
even  pure  and  g^losed,  and  on  potato.  The  temperature  best  suited 
for  its  growth  is  1 8°  C.  On  g^losed  beer-must  a  puncture  inoculation 
grows  in  the  form  of  a  fine  white  downy  tuft,  which,  increasing  in 
dimensions,  throws  out  rays.  These  give  the  colony  a  stellate  appear- 
ance. By  seven  days  the  entire  surface  is  covered  with  a  white 
powder.  On  peptonised  g^lose  the  culture  has  no  central  tuft ;  it 
forms  simply  a  plaque  of  white  powder,  whose  rays  are  short  and 
only  slightly  arborescent.  A  linear  inoculation  on  potato  spreads  out 
into  a  tuft,  and  has  the  same  white  powdery  appearance.  It  liquefies 
gelatine. 

Pityriasis  versicolor. 

The  parasite  in  this  case  is  the  Microsporon  furfur,  described  by 
Eichstedt.  It  lives  in  the  superficial  layers  of  the  epidermis,  and 
does  not,  as  a  rule,  penetrate  deeply  down  into  the  hair  sheaths.  The 
eruption  takes  the  form  of  brown  patches,  varying  in  size,  and  of 
irregular  outline.  The  patches  are  not  raised  to  any  perceptible  ex- 
tent above  the  ordinary  level  of  the  skin. 

The  mycelium  is  branched,  and  the  spores  differ  from  those  of 
the  other  two  fimgous  diseases  just  described  in  the  fact  that  they 
are  collected  in  masses  (Fig.  540).  They  are  usually  of  rounded 
shape,  and  are  somewhat  larger  than  in  the  case  of  the  trichophyton. 
They  are  also  of  remarkably  uniform  size. 

The  parasite  can  be  cultivated  artificially,  the  best  method  of  pro- 
cedure being  the  following : — The  superjacent  skin  having  been 
disinfected  with  alcohol  and  ether,  the  squames  are  detached  on  to  5 
per  cent  glycerine-g^lose.  Side  by  side  with  colonies  of  bacteria 
colonies  of  the  fungus  are  obtained.  The  experiment  does  not  always 
succeed.  The  growth  is  often  choked  out  by  bacteria  which  fructify 
more  rapidly  than  the  true  fungus.  It  can  be  conveyed  by  inocula- 
tion to  the  rabbit. 

The  ^mould  grows  readily  upon  5  per  cent  glycerine -bouillon, 
either  acid  or  alkeiline,  in  1 0  per  cent  peptonised  gelatine,  also  either 
acid  or  alkaline,  and  on  other  media.  The  reaction  of  the  medium 
does  not  seem  to  exercise  any  influence  upon  its  growth.  It  develops 
equally  well  in  acids  or  alkalies.  Its  development  is  rapid  at  SS^'-Se*'  C., 
slower  at  ordinary  temperatures. 

The  appearance  of  the  culture  varies  much  with  the  medium  on 
which  it  is  grown.  It  can  be  recognised  easily  on  gelatine.  Sown  on 
the  surface  of  gelatine,  the  microsporon  plunges  at  once  deeply  into  its 
substance  and  forms  a  hollow,  carpeted  by  a  mycelial  growth  of  yellow 
colour.  The  thallus  raises  itself  more  slowly  out  of  this  hollow  in 
prominences  of  various  form.  The  aspect  of  a  puncture  cultivation 
presents  nothing  peculiar  or  characteristic.  The  microsporon  pro- 
pagates by  the  aid  of  conidia. 
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Alopkchia  or  Baldness. 

1081.  The  falling  out  of  the  hair,  ending  in  permanent  baldness,  is 
usually  an  accompaniment  of  increasing  years.  The  cause  of  the  hair 
not  being  renewed  has  never  been  explained.  One  peculiar  form  of 
baldness  is  known  as  Alopechia  areata.  It  is  said  to  be  caused 
by  the  growth  of  a  microphyte  in  the  hair  sheath  (the  micrococcus 
decalvans).     The  patches  are  peculiarly  circumscribed,  and  the  hair  is 


Fio.  540.— Fungus  of  Pityriasis  versicolor— Microsporon  furfur  showing  the  Mycelium 
TOOFTHER  WITH  Sporbs  IN  GROUPS  (^  hoiiiog.  linin.  Crouch,  Hartk.,  Go.  3.  Stained  with 
Methylene  Bine). 

either  quite  destroyed  or  is  present  in  the  shape  of  a  fine  lanugo.      It 
may  grow  in  again  even  when  apparently  it  has  been  completely  lost. 


General  Literature  on  the  Skin. 

Anderson  (M'C.) :  A  Treatise  on  Diseases  of  the  Skin,  1887.  Bateman  :  A 
Practical  Synopsis  of  Cutaneous  Diseases  according  to  the  Arrangement  of  Dr. 
Willan,  1819.  Behrend :  Die  Hautkrankheiten,  1883.  Bulkley:  Manual  of 
Diseases  of  the  Skin,  1882.    Burnett :  Diseases  of  Skin  from  Organismic  Standpoint, 
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1886.  Calomiittti :  Trattato  di  anatomia  patologica  della  pelle,  1884.  Crocker : 
Diseases  of  the  Skin,  1888.  Duhring  :  A  Practical  Treatise  on  Diseases  of  the  Skin, 
1886.  Eichhoff:  Die  Hautkranklieiten,  1890.  Fox  (W.  T.)  and  T.  Colcott 
Fox  :  Skin  Diseases,  1883.  Jamieson  :  Diseases  of  the  Skin,  1892.  Kaposi : 
Patholo^e  u.  Therapie  d.  Hautkrankheiten,  1887.  Leloir  and  Vidal :  Traite 
descriptif  des  maladies  de  la  peau,  1889-91.  Neumann:  Lehrbuch  d.  Hautkrank- 
heiten, 1880  ;  also,  Eng,  Transl,  Robinson :  A  Mannal  of  Dermatolog]r,  1885. 
Shoemaker:  A  Practical  Treatise  on  Diseases  of  the  Skin,  1888.  Squire:  A 
Manual  of  Diseases  of  the  Skin,  1887.  Unna :  Dermatologische  Studien,  1886-90. 
Willan  :  On  Cutaneous  Diseases. 


CHAPTER  XCI 
MALFORMATIONS 

1082.  Definition. — As  such  are  understood  those  departures  fr&m 
the  normal  form  of  the  oiganisTn,  or  of  single  parts  of  it,  which  follow  upon 
some  disturbance  in  its  development.  They  are  known  as  monstrosities, 
anomalies,  or  varieties,  according  to  the  amount  of  deviation. 

Classification.  —  Many  have  been  proposed,  but  probably  the 
most  comprehensive  is  that  founded  upon  their  etiology,  namely, 
into — 

(1)  Those  malformations  due  to  intra-uterine  inflammation. 

(2)  Those  due  to  pressure  ;  and 

(3)  Those  in  which  there  has  been  some  inherent  defect  in  the 
primitive  cells  of  the  embryo. 

The  last  group  may  be  subdivided  into — 

{a)  Those  in  which  there  is  an  excess  of  development — Monstra 
per  excessum. 

(b)  Those  in  which  there  is  defective  development — Monstra  per 
defectum ;  and 

(c)  Those  in  which  the  individual  is  single,  double,  or  triple. 


(1)  Monsters  from  Inflammatory  Causes. 

1083.  That  inflammation  may  occur  in  the  foetus  during  intra-uterine 
life  is  undoubted.  Exudation,  suppuration,  and  formation  of  cicatrices 
may  follow,  and  adhesions  be  formed.  Thus  the  foetus  is  sometimes  born 
with  evidence  of  inflammatory  affection  of  the  skin,  adhesive  or 
exudative  peritonitis  or  pleurisy,  endocarditis,  interstitial  hepatitis, 
pneumonia,  etc.  Similar  lesions  unquestionably  inflammatory  in 
their  nature  occur  in  the  foetal  membranes. 

The  causes  of  such  affections  (Perls)  are  mainly — 
(1)  Blows  upon  the  Part, — Such  are  more  likely  to  take  effiect  when 
the  foetus  is  surrounded  by  a  small  quantity  of  liquor  amnii. 
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(2)  Certain  Poisons  transmitted  from  the  Mother. — The  placenta  seems 
to  be  a  sufficient  protection  against  most  poisonous  states  of  body 
existing  in  the  mother,  but  not  against  alL  Thus  the  foetal  blood  only 
rarely  contains  the  anthrax  bacillus  when  the  circulation  of  the  mother 
is  full  of  it.  It  is  said  also  that  the  poison  of  Sjrphilis  is  not  trans- 
mitted through  the  placenta,  but  is  contained  in  the  spermatozoid  or 
ovum.  MaflFucci's  experiments  on  the  inoculation  of  eggs  with 
tubercle  might  lend  some  weight  to  this  supposition.  It  has  even  been 
asserted  (Jani)  that  tubercle  bacilli  are  present  in  the  seminal  ducts 
and  Fallopian  tubes  in  tubercular  persons  without  any  evidence  of 
local  tubercular  disease. 

It  seems,  however,  that  measles,  smallpox,  and  scarlet  fever 
can  be  transferred  directly  from  mother  to  child ;  and  as  the  liquor 
amnii  is  a  maternal  transudate,  it  is  supposed  that  the  contagion 
takes  place  through  it. 

The  inflammations  excited  by  such  poisons  may  manifest  them- 
selves in  various  ways,  and  as  a  result  of  them  the  tissues  may  become 
profoundly  altered,  closure  of  ducts  may  occur,  or  a  more  or  less 
complete  sphacelation  of  parts  may  follow  upon  adhesions  which  have 
been  contracted.  Where  these  adhesions  come  to  press  upon  im- 
portant parts,  such  as  the  head  end  of  the  embryo,  development  may 
be  completely  arrested. 

(2)  Monsters  resulting  from  Pressure. 

1084.  Pressure,  however,  is  often  brought  to  bear  upon  the  foetus 
in  other  ways  than  by  adhesions.  Thus  there  may  be  too  small  a 
quantity  of  amniotic  liquid,  so  that  the  foetus  cannot  float  freely  in  it ; 
the  navel-string  may  be  tightly  bound  round  a  limb  or  round  the  neck 
of  the  foetus,  occasioning  intra-uterine  amputation  or  decapitation  as 
the  case  may  be.  In  the  case  of  defective  quantity  of  amniotic  liquid 
the  head  end  of  the  embryo  is  said  to  suffer  most ;  and  this  from  the 
fact  that  the  head  fold  of  the  amnion  comes  in  contact  with  it 

(3)  Monsters  due  to  some  Inherent  Defect  in  the  Primitive 
Cells  of  the  Embryo. 

Their  Causation, 

1085.  One  of  the  most  important  observations  bearing  upon  this 
subject  is  that  of  Fol  (No.  40,  1877,  p.  659)  relating  to  the  irregular 
impregnation  of  the  ovum.  As  a  rule,  only  one  spermatozoid  is 
utilised  for  this  purpose,  but  it  happens  occasionally,  at  least  in  the 
case  of  the  sea-urchin  and  starfish,  in  which  he  made  the  observations, 
that  several  gain  entrance  owing  to  the  vitelline  membrane  not  having 
spread  round  the  ovum  so  as  to  protect  it.  Such  ova  divide  irregularly 
and  a  monster  results. 
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Geofiroy  St.  Hilaire  (see  Bibliog. )  showed  that  violcut  shaking  or  partial  varnish- 
ing of  the  hen's  egg  is  a  fertile  source  of  irregular  development. 

Darcste  and  Panum  (see  Bibliog. )  have  extended  these  observations,  and  their 
results  point  to  various  procedures  being  competent  to  induce  monstrosity.  Of  all 
expedients  adopted  by  them,  however,  those  of  variation  of  temperature  and  heat 
irregularly  applied  to  the  egg  were  most  fertile  in  positive  results.  Variations  of 
temperature  from  above  45**  C.  to  below  SO''  were  effectual  in  numbers  of  instances. 
Where  the  heat  was  applied  to  one  part  of  the  egg  more  than  to  another,  the  defect 
was  often  noticed  in  the  vascular  system.  The  blood-islands  remain  separate  from 
one  another  and  from  the  heart  The  blood  is  thus  rendered  poor  in  corpuscles,  and 
a  dropsical  condition  of  the  embryo  sets  in. 

Maternal  impressions  have  often  been  taxed  with  causing  certain 
forms  of  monstrosity,  such  as  that  of  a  headless  child,  from  the  pregnant 
mother  having  witnessed  an  execution ;  a  pigmented  and  hairy  patch 
on  the  skin,  from  the  mother  having  been  frightened  by  a  mouse ;  or  a 
web-handed  condition,  from  the  mother  having  been  present  when  the 
fingers  of  a  corpse  were  being  tied  together.  Although  there  is  some 
basis  for  such  allegations,  yet,  in  most  cases,  they  should  be  accepted 
cum  grano. 

Dreams  have  also  been  asserted  to  have  a  like  effect  upon  the 
foetus  ;  but  here  as  before  there  is  abundant  opportunity  for  display  of 
the  post  hoc  ergo  propter  hoc  fallacy.  It  would  be  naturally  in  the  early 
months  of  pregnancy  that  such  causes,  if  they  are  operative  at  all, 
would  exert  their  greatest  influence. 

Dog-breeders  assert  that  the  sight  of  a  mongrel  at  the  time  of 
conception,  in  the  case  of  the  bitch,  sometimes  influences  the  progeny 
deleteriously. 

Hereditary  Tendency. 

Malformations  are  decidedly  hereditary.  Not  only  will  the  same 
mother  sometimes  bear  a  succession  of  malformed  children,  but  certain 
peculiar  features  of  malformation,  such  as  polydactylism,  have  been 
known  to  run  in  families  for  a  series  of  several  generations.  The 
majority  of  malformed  foetuses  belong  to  the  female  sex ;  and  often  a 
single  individual  shows  a  multiplicity  of  aberrations. 


Individual  Malformations  caused  by  Interruption  in  the 
EARLY  Evolution  of  the  Embryo. 

Fissures  of  the  Body  JValL 

When  the  human  oviun  is  fertilised  changes  take  place  in  it  which 
culminate  not  only  in  the  production  of  the  embryo,  but  in  that  of  its 
enveloping  membranes.  The  yolk,  vitellus,  or  protoplasm  undergoes 
cleavage  and  a  roimd  mass  of  cells  results  (mulberry  mass). 

Soon,  however,  these  cells  come  to  arrange  themselves  in  a  single 
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layer  on  the  interior  of  the  zona  pellucida  or  vitelline  membrane.  This 
cellular  layer  is  the  primitive  epiblast.  It  encloses  a  cavity,  and  to  it 
the  term  blastodermic  vesicle  is  often  applied.  Within  it  is  the 
true  yolk,  a  semi-liquid  albuminous  substance. 

At  one  part  on  this  blastodermic  vesicle  an  opaque  spot  in  course 
of  time  shows  itself.  Consisting  as  it  does  at  first  simply  of  an 
accretion  of  the  undifferentiated  mass  of  cells  common  to  the  whole 
vesicle,  it  nevertheless  marks  out  the  seat  of  formation  of  the  future 
embryo,  and  is  known  consequently  as  the  area  g^erminativa.  It 
splits  subsequently  into  two  layers,  the  epiblast  and  hjrpoblast 
In  course  of  time  a  third  is  imposed  between  the  two,  the  mesoblast. 

From  the  vitelline  membrane  small  tufts  grow  outwards.  These, 
becoming  attached  to  the  uterus,  serve  as  a  temporary  chorion. 

The  embryo  soon  develops  a  head  and  tail  end  from  a  fold  of  the 
epiblast  showing  itself  at  each  extremity.  When  the  mesoblast  has 
spread  for  some  distance  between  the  other  two  layers  it  splits,  the 
inner  half  being  known  as  the  splanchno-pleure,  the  outer  as  the 
somato-pleure.  The  space  between  the  two  is  the  primitive  pleuro- 
peritoneal  cavity  or  body  cavity.  Part  of  this  becomes  the  pleuro- 
peritoneal  cavity  of  the  foetus. 

The  fact  that  this  cavity  in  the  case  of  the  higher  vertebrates  appears  in  the 
mesoblast,  taken  by  itself,  would  seem  to  indicate  that  it  is  purely  a  mesoblastic 
stmcture.  There  is  evidence  to  prove,  however,  that,  in  the  invertebrata,  it  arises  as  a 
diverticulum  from  the  primitive  alimentary  canal  or  archenteron.  For,  as  shown  by 
the  Hei-twigs  (No.  571),  and  as  emphasised  in  this  country  by  Bland  Sutton,  the 
coelom  or  body  cavity  of  the  invertebrate,  which  is  generally  held  to  be  the  homo- 
logue  of  the  pleuro- peritoneal  cavity  of  the  vertebrate,  is  in  its  earliest  state  an  out- 
growth from  the  primitive  intestine,  and  hence  gets  a  lining  of  hypoblast 

Against  this  view,  according  to  F.  Balfour  (No.  672,  i.  p.  348),  are  to  be  reckoned 
the  facts  that  (1)  the  mesoblastic  plates  in  the  vertebrate  are  solid  ;  and  (2)  as  a 
consequence  the  pleuro-peritoneal  cavity  never  communicates  with  the  intestine. 
That  the  cellular  investment  of  the  peritoneum  or  pleura  is  hypoblastic  holds  true 
probably  only  in  the  sense  of  the  whole  mesoblast  being  an  offshoot  from  the  hypo- 
blast. Nevertheless,  in  view  of  the  peculiarly  epithelial  character  of  the  cells  of  the 
ovary,  the  possibility  of  their  representing  a  far-back  connection  with  the  hypoblast 
ought  not  to  be  forgotten. 

When  the  cleavage  of  the  mesoblast  is  somewhat  advanced,  a 
second  fold,  running  concentrically  with  the  semilunar  shape  of  the 
first,  appears  on  the  epiblast  a  little  way  in  front  of  the  head-fold  of 
the  embryo.  This  is  the  commencement  of  the  amnion.  It  is  com- 
posed of  the  epiblast  and  the  layer  of  mesoblast  in  contact  with  its 
inner  surface.  It  continues  to  grow,  stretching  backwards  over  the 
head  of  the  embryo,  and  in  course  of  time  meets  a  similar  fold  from 
the  tail  end. 

Identical  folds  rise  up  from  the  sides  of  the  area  germinativa,  and 
the  whole  of  these  come  into  contact  over  the  back  of  the  embryo. 
At  the  points  of  contiguity  a  fusion  takes  place,  the  lower  layer 
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becoming  the  true  amnion  and  the  space  enclosed  within  it  the 
amniotic  cavity.  The  upper  or  outer  layer  is  the  false  amnion. 
The  name  subzonal  membrane  is  applied  to  the  latter  hy  Turner 
from  its  position  immediately  beneath  the  zona  pellucida.  It  is 
entirely'  separated  from  the  amnion  by  the  common  pleuro-peritoneal 
space,  and  in  course  of  time  l)ecomes  one  of  the  layers  of  the  permanent 
chorion.  It  forms,  in  fact,  the  epithelial  covering  of  the  villi  of  the 
foetal  placenta. 

Whilst  the  amnion  is  thus  enclosing  the  embryo  above,  the  meso- 
blast  is  being  pushed  farther  and  farther  around  the  blastodermic 
vesicle,  and  so  separates  its  cells  into  an  inner  and  outer  layer.  And 
as  it  pushes  its  way  forwards  it  continues  to  split  almost  simul- 
taneously into  two  layers.  The  space  between  the  layers  is  of 
course  the  continuation  of  the  pleuro-peritoneal  cavity.  The  splitting 
of  the  mesoblast  finally  reaches  the  lowest,  or,  if  we  may  so  express  it, 
the  southern  pole  of  the  blastodermic  vesicle,  and  thus  completely 
divides  the  mesoblast  into  two.  The  whole  of  the  cavity  included 
between  its  layers  becomes  obliterated  as  the  amniotic  liquid  increases 
in  quantity,  and  compresses  it,  unless  the  part  included  within  the 
body  of  the  embryo. 

The  head-fold,  tail-fold,  and  lateral  borders  of  the  embryo  mean- 
while have  been  pinched  inwards,  so  that  they  compress  part  of  the 
blastodermic  vesicle  and  convert  it  into  a  tube-like  structure  running 
in  the  long  axis  of  the  embryo  and  as  yet  shut  at  each  end.  The 
tube-like  cavity  so  enclosed  is  the  primitive  intestine.  The  layer 
of  hypoblast  included  in  the  infolded  body  wall  becomes  the  epi- 
thelium of  the  future  oesophagus,  stomach,  and  intestine ;  while  the 
corresponding  mesoblast  furnishes  the  muscular  and  connective  tissue 
elements  of  the  same. 

Up  till  the  end  of  the  sixth  week,  however,  the  blastodermic 
vesicle  and  the  intestine  are  not  completely  separated.  A  channel 
remains  between  them  known  as  the  omphalo-mesenteric  duct, 
while  the  blastodermic  vesicle,  now  reduced  in  size,  goes  by  the  name 
of  the  umbilical  vesicle.  After  the  sixth  week  this  duct  becomes 
obliterated  and  the  umbilical  vesicle  disappears. 

The  first  malformation  to  specify  is  where  a  greater  or  less 
portion  of  the  duct  remains  permanently  open  in  extra-uterine  existence. 
The  malformation  is  known  as  MeckeVs  diverticulum  or  diverticulum  ilei. 
The  diverticulum  branches  off  at  right  angles  to  the  ileum  usually  at 
a  point  from  1  to  3. J  feet  alx>ve  the  ileo-colic  valve.  It  is  placed 
opposite  the  mesenteric  attachment  and  varies  in  length.  It  terminates 
occasionally  in  a  cord  fixed  by  one  end  to  the  umbilicus,  and  is 
composed  of  the  same  coats  as  the  intestine.  It  may  become  a  source 
of  danger  from  lodging  foreign  bodies,  or,  when  attached  to  the 
umbilicus,  by  causing  strangulation  of  a  mass  of  intestinal  convolutions 
which  have  slipped  underneath. 

A  portion  of  the  common  pleuro-peritoneal  cavity  is  cut  off  by  the 
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above  folding-in  of  the  walls  of  the  embryo.  This  in  time  becomes 
the  plearo-pentoneal  cavity  of  ejttra-uterine  existenr^y  divided  into  two  by 
the  subsequent  ingrowth  of  the  diaphragm. 

Important  changes  are  also  taking  place  towards  what  will  be  the 
pelvic  region  of  the  foetus.  A  small  sausage-like  projection  is  pushed 
out  from  the  primitive  hind-gut  This  is  the  allantois.  It  enlarges 
rapidly,  makes  its  way  into  the  primitive  body-  or  pleuro-peritoneal 
cavity,  and  becomes  applied  to  the  subzonal  membrane.  It  carries 
blood-vessels  in  its  walls,  the  expansions  of  which  become  in  due 
course  the  permanent  vessels  of  the  chorion  and  placenta,  while  their 
trunks  furnish  the  umbilical  arteries  and  vein.  The  interior  of  the 
allantois  is  filled  with  the  allantoid  liquid.  The  body  walls  are  now 
being  pinched  in  farther  and  farther,  and  finally  coalesce  in  the 
middle  line.  The  laminsB  laterales  of  mesoblast  simultaneously  are 
being  pushed  inwards  in  a  like  direction,  and  are  increasing  in 
thickness.  The  muscular  and  rigid  tissues  of  the  trunk  are  ultimately 
formed  out  of  them. 

The  last  part  of  the  body  wall  to  unite  is  in  the  neighbourhood 
of  the  umbilicus,  and  from  this  there  issue  about  the  end  of  the  third 
to  the  fourth  week  the  omphalo-mesenteric  duct  and  allantois  with 
its  enlarging  vessels.  The  cleft  up  till  this  time  existing  in  the  body 
wall,  where  these  structures  make  their  exit,  should  be  entirely  closed 
by  the  end  of  the  sixth  to  the  eighth  week. 

As  the  body  wall  thus  envelops  the  allantois,  part  of  the  allantois 
is  left  within  the  abdomen.  The  deepest  portion  of  the  enclosed  part 
becomes  the  urinary  bladder,  the  remaining  portion  is  the  channel 
known  as  the  urachus.  The  urachus  in  time  is  converted  into  a  solid 
cord,  the  future  middle  vesical  ligament 

It  sometimes  happens,  however,  that  the  urachus  remains  pervious 
and  communicates  with  the  bladder.  When  this  abnormity  exists 
the  channel  of  the  urachus  may  become  distended  into  a  cystic 
cavity  often  larger  than  the  bladder  itself.  The  malformation  is 
known  as  urachus  cyst  (Fig.  541). 

The  part  of  the  allantois  outside  the  body  wall  atrophies,  while  its 
vessels  become  embedded  in  the  Wharton's  jelly.  The  vessels  thus 
embedded,  with  the  reflection  of  the  amnion  as  an  external  invest- 
ment, constitute  the  umbilical  cord. 

From  the  fact  that  the  body  wall  has  to  cover  in  the  important 
cavities  of  the  thorax  and  abdomen  it  is  evident  that  there  is  the 
possibility  of  the  closure  not  being  completely  effected,  and  of  very 
disastrous  malformations  resulting  therefrom.  Such  a  failure  to 
complete  the  anterior  wall  of  the  trunk  is  a  common  deformity.  It 
may  be  complete  or  partial.  The  various  defects  due  to  it  have 
specific  names  applied  to  them,  and  are  as  follows : — 

(1)  Thoraco-Gastro-Schisis. — In  this  the  body  cavity  remains 
quite  unclosed  and  the  viscera  are  all  more  or  less  visible  thix)Ugh  the 
fissure.     The  funis  may  be   absent,  and  in  such  case  the  umbilical 
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vessels  pass  directly  to  the  placenta.  Sometimes  the  peritoneum  with 
the  amnion  stretched  over  it  constitutes  a  sort  of  sac  covering  the 
abdominal  viscera,  while  loops  of  intestine  or  portions  of  the  liver, 
spleen,  stomach,  etc.,  protrude  through  the  aperture. 

(2)  Gastro-Schisis  or  Fissura  Abdominalis. — The  thorax  is 
closed  and  the  abdomen  left  open. 

(3)  Congenital  Hernia  Funis. — This  is  the  smallest  of  the 
fissured  conditions  of  the  body  wall  The  defect  is  at  the  part  last 
to  be  closed  in.     A  protrusion  of  a  coil  of  intestine  covered  by  peri- 


Fio.  541.— Urachi  8  Cyst. 


toneum  takes  place ;  the  cord  is  located  usually  at  the  apex  of  the 
protrusion.  Sometimes  the  defect  is  not  in  the  middle  line  but  to  one 
side. 

This  condition  must  not  be  mistaken  for  acquired  hernia  umbili- 
calis,  in  which  the  closure  of  the  wall  is  complete,  but  where  a  yielding 
of  the  tissues  takes  place. 

(4)  Ectopia,  Ectropium,  or  Ecstrophia  Vesicae. — The  abdo- 
minal wall  may  be  closed  in  the  neighbourhood  of  the  umbilicus,  while 
a  fissure  persists  either  above  or  below  it.  If  below,  it  is  usually 
accompanied  by  defect  or  absence  of  the  anterior  wall  of  the  bladder, 
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while  its  posterior  wall  is  everted  by  the  intestine  getting  behind  it, 
and  protrudes  from  the  aperture.  The  raucous  membrane  begins  to 
granulate  and  is  converted  into  a  red  f ungating  mass.  The  ureters 
open  in  their  usual  situation  and  the  urine  makes  its  way  out  of  the 
defect.  The  genital  groove  in  the  penis  is  unclosed  and  the  external 
genitals  are  ill  developed. 

Extensive  fissura  abdominalis  occurs  only  in  the  female,  ectopia 
vesicae  much  more  frequently  in  the  male. 

(5)  Fissura  Stemi. — Sometimes  the  thoracic  defect  is  repre- 
sented by  a  mere  fissure  or  cleft  of  the  sternunL     If  the  defect  is 


Fig.  542.— Ectopia  Vb^ic.*:. 


wider,  if  it  be  confined  to  the  thorax,  and  if  the  heart  covered  by  the 
pericardium  protrude  from  it,  the  term  ectopia  cordis  is  applied  to 
the  malformation. 


Malformations  connected  with  the  Branchial  Arches 
AND  Clefts. 

1086.  The  commonest  of  all  malformations  are  those  resulting 
from  imperfect  union  in  front  of  the  parts  developed  out  of  the  first 
branchial  arch. 

In  the  neck  of  the  embryo  at  an  early  period  of  existence  there 
are  to  be  seen  four  clefts  known  as  the  branchial  or  visceral  clefts. 
They  pass  from  the  throat  internally  through  the  soft  parts  and  skin. 
They  seem  to  be  formed  by  a  dehiscence  of  the  cells  of  the  part, 
beginning  in  the  hypoblast,  next  piercing  the  tissues  of  the  mesoblast, 
and  lastly  afl'ecting  the  epiblast. 

No  sooner  has  a  cleft  appeared  than  the  upper  l)order  rises  into  a 
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ridge  or  fold  known  as  a  visceral  or  branchial  fold.     There  are 
R\Q  visceral  folds  to  the  four  visceral  clefts. 

In  each  of  the  first  three  there  is  a  rod  of  cartilage.  The  teiiii 
branchial  arch  is  sometimes  applied  to  the  entire  structure  formed 
from  each  set  of  visceral  folds  on  the  two  sides. 

It  is  with  the  first  of  these  arches  that  we  are  at  present  concerned, 
as  it  is  mainly  out  of  it  that  the  jaws  and  soft  tissues  appertaining 
thereto  are  evolved.  Its  two  segments  meet  in  the  middle  line,  and 
thus  establish  the  jnidiments  of  the  future  inferior  maxilla.  From 
the  concavity  on  each  segment  a  bud-like  process  projects  inwards  ; 
and  the  two  buds  tend  to  meet  in  the 
middle  line.  They  never  unite  completely, 
however,  but  leave  a  vacuity,  which  is 
filled  up  by  a  process  of  tissue  which 
grows  down  from  the  frontal  region.  This 
process  bears  with  it  rudiments  of  bone, 
skin,  and  other  soft  parts.  The  bony  rudi- 
ments carried  downwards  comprise  the  two 
ossa  iniermiLtillaria,  within  each  of  which, 
later  on,  are  developed  two  incisor  teeth. 
Some  time  after  this  frontal  process  has 
taken  up  its  position  between  the  two 
buds  given  off  from  the  arch,  the  three 
parts  coalesce,  and  out  of  them  the  Upper  fio.  543.-head  or  a  Chick  at  the 
jaw  is  constructed.  Externally  the  fusion  «'^th  uay  seem  from  below 
is  so  complete  in  Man  that  the  point  of 

junction,   at  the    time    of   birth,   is    not    re-    i„  which  the  remains  of  the  choroid 

cognisable.    The  line  of  junction  internally,   siit  can  stm  be  seen ;  (g)  nasal  pit ; 

however,  with  the  hard  palate,  which,  it    (^) frontonasal  process;  (O  sui^erlor 
,        -111  ^  ^    '      1        11       •.!•       maxillary    process   of  first   visceral 

should  be  remembered,  is  developed  withm  arch;  (i,  i)  inferior  maxiiiary  pro- 
a  plate  of  cartilage  on  each  side,  is  plainly   cess  or  first  visceral  arch ;  (2,  2) 

vi<iibl  A  second  visceral  arch  ;  (x)  first  visceral 

'  cleft  between  first  and  second  visceral 

The  space  between  the  upper  and  lower    arches.    The  mouth  is  seen  enclosed 

jaws  thus  brought  into  existence  becomes  ^y  the  frouto-nasai  process,  the 

^1       r    .  ^-.i.i«  superior  maxillary  processes,  and  the 

the  future  mOUth.  A^t  pair  of  visceral  arches. 

The  fusion  of  the  parts  entering  into 
the  structure  of  the  upper  jaw  occurs  about  the  middle  of  the  third 
month.  The  junction,  however,  between  the  three  parts  often  fails, 
and  a  fissure  is  consequently  left.  The  fissure  may  be  bilateral  or 
unilateral,  and  extends  to  various  depths,  the  terms  cheilo-g^natho 
or  palatoschisis  being  used  jointly  or  singly  to  indicate  the  amount 
of  defect  (xctAos,  lip  ;  yvdOos,  jaw  ;  and  palatum^  palate). 


(aft«r  Huxley), 
(/o)  Cerebral  vesicles ;  ((!,  «)  eye 


Harelip  or  Cheiloschisis  (Ldbium  Leporinuni). 

This  is  one  of  the  commonest  of  the  above  defects,  and  consists  of 
a  lateral   splitting  of  the  upper  lip.     The  cleft  is  lined  by  raucous 
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membrane  and  may  extend  into  the  nostril  Sometimes  it  is  repre- 
sented by  a  mere  notch  or  cicatrix.  The  cleft  is  single  or  double, 
and  in  two-thirds  of  the  single  cases  it  is  on  the  left  side.  When  the 
cleft  is  double  the  part  of  the  lip  attached  to  the  intermaxillary  bone 

is  often  ill  developed,  and  projects 
f  om'ards  as  an  unsightly  mass  (Fig. 
544). 

In  extreme  cases  not  only  does 
the  cleft  extend  through  the  lip, 
but  also  into  the  hard  palate,  and 
even  down  as  far  as  the  throat. 
In  such  cases  it  passes  between 
the  outer  incisor  tooth  and  the 
canine. 

If  the  cleft  is  double,  not  only 
is  the  part  of  the  lip  attached 
to  the  intermaxillary  bone  defi- 
cient, but  the  intermaxillary  bones 
and  vomer  are  usually  also  abor- 
Fio.  544.-HARELir.  tive.     There  is  thus  left  a  space 

on  the  roof  of  the  mouth  diWded 
by  the  rudimentary  vomer.  Forming  the  anterior  boundary  of  the 
space  are  the  ill-developed  intermaxillary  bones,  often  with  only  two 
teeth  upon  them.  The  cleft,  further,  may  extend  to  the  soft  palate, 
in  which  locality  it  is  always  single. 

Sometimes  the  defect  influences  only  the  hard  and  soft  palates,  or 
it  may  be  the  soft  palate  alone.  The  condition  in  these  cases  is 
known  simply  as  cleft-palate. 


Schisfop'osopia  and  Ap'osojm  {rrpoa-oiTrov,  tlie  face). 

In  some  cases  the  defect  extends  throughout  the  entire  face.  A 
fissure  runs  up  on  each  side  of  the  nose  towards  the  orbit  continuous 
with  the  cleft  in  the  lip  (Fig.  545).  At  other  times  the  lip  may 
remain  uncleft,  while  a  shallow  fissure  runs  through  the  face. 
Occasionally  it  happens  that  the  entire  face  is  in  great  jyart  wanting, 
a  huge  gap  intervening  where  the  face  ought  to  be. 


Affnatliia  {yvdOo%  the  jaw). 

By  this  is  meant  a  congenital  absence  of  the  lower  jaw  and  its 
attached  soft  parts.  It  is  due  to  arrested  development  of  the  two 
sides  of  the  first  branchial  arch.  The  lower  part  of  the  face  seems 
cut  away  and  there  is  an  approximation  of  the  ears  (synotia.  Fig. 
546). 


Fig.  545.— ScHiSTOPROsopiA. 


FlO.  546.— AOXATHIA. 
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Fistula  Colli  Congenita, 

This  i8  a  malformation  caused  by  the  })ei^istence  in  extra-uterine 
life  of  one  or  more  of  the  branchial  clefts.  It  is  usually  the  third  or 
fourth,  but  occasionally  the  first  or  second. 

The  commonest  site  of  it  is  on  the  right  side  of  the  neck  from 


Fig.  547.— Fistula  Colli. 


1  to  3  ctm.  above  the  sterno  -  clavicular  articulation.  Sometimes, 
curiously,  it  occupies  the  middle  line.  The  fissure  is  lined  with 
mucous  membrane  and  from  it  mucus  exudes  spontaneously  or  on 
coughing.  A  probe  can  be  pushed  into  it,  which  usually  finds  it«  way 
down  to  the  pharynx,  larynx,  or  neighbourhood  of  the  hyoid  bone. 
The  sac  ends  occasionally  in  a  blind  extremity. 
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Malformations  due  to  Defective  Development  of  the  Bones 
OF  THE  Skull  and  Spine. 

1087.  In  the  case  of  the  skull  it  is  generally  the  bones  of  the 
vault  which  are  wanting,  and  very  often  the  defect  is  accompanied  by 
a  similar  absence  of  the  scalp.  The  vacuity  caused  thereby  may 
comprise  the  entire  vault  (acrania)  or  may  be  limited  to  the  parietal 
region.  In  the  former  Ciise  the  basilar  process  of  the  occipital  is 
exposed  and  forms  the  floor  of  the  space ;  in  the  latter  the  frontal 


Fio.  548.     At  RANI  A. 

and  occipital  bones  are  approximated  and  at  an  angle,  while  the  base 
of  the  skull  is  similarly  bent.  There  are  often  quantities  of  mem- 
branous tissue,  probably  the  remains  of  the  dura  mater,  lying  in  the 
gap  and  adherent  to  the  base.  The  skin  terminates  abruptly  at  the 
edge  in  the  majority  of  cases,  but  sometimes  the  scalp  is  entire,  and 
lies  in  contact  with  the  base  of  the  skull  or  encloses  a  number  of  cyst- 
like cavities.     The  face  assumes  a  peculiar  toad-like  aspect 

The  brain  in  most  examples  is  entirely  wanting.     Sometimes  a 
piece  of  cerebrum  is  found  lying  in  an  isolated  position  enveloped  in 
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membranes.  A  portion  of  the  cerebellum  and  a  rudimentary  pons 
may  exist,  but  in  cases  where  the  foetus  has  l)ecome  viable  the 
medulla  oblongata  is  preserved.  Such  foetuses  when  born  may  live 
for  several  days.  In  other  respects  they  behave  very  much  as  those 
normally  constituted. 

The  spinal  cord  usually  appears  to  the  naked  eye  to  be  normal, 
and  microscopically  often  does  not  present  any  great  abnormality. 

The  cranial  nerves  are  always  recognisable,  even  where  the  brain 
is  completely  absent,  so  that  they  appear  to  spring  from  the  fibrous 
tissue  covering  the  base.      It  has  been  asserted,  however,  that  the 


-d.m. 


Fig.  54(».— Plan-  of  the  Parts  in  Spina  Bifida. 

(s.c.)  The  spinal  cord  ;  (s)  interior  of  the  sac  ;  (c.w.)  conus  medullaris  and  fllum  tenninale  attachcl 
to  the  dimple- like  depression  on  the  sac ;  (u)  nerves  of  the  cauda  equina  drawn  into  the  sac; 
(d.m.)  dura  mater  forming  the  sac. 

optics  and  retina,  where  the  eyeballs  are  completely  developed,  are 
destitute  of  nerve  fibres. 

It  is  seldom  that,  in  advanced  acrania,  the  defect  is  single.  Hare- 
lip, spina  bifida,  and  other  deformities  are  often  simultaneously  present 

The  causes  of  the  malformation  have  been  alleged  to  be  various. 
Thus  a  collection  of  liquid  in  the  cerebral  vesicles  prior  to  the  fourth 
month  of  gestation  has  been  stated  to  induce  it.      Pressure  of   the 
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head-fold  of  the  amnion  (see  Sect.  1085)  has  been  blamed,  while 
a  too  sharp  curve  at  the  head  end  of  the  embryo  has  also  been 
reckoned  as  a  cause. 

Local  deficiencies  sometimes  occur  in  the  cranial  vault,  more 
particularly  in  the  occipital  region  and  at  the  root  of  the  nose.  The 
state  of  the  parts  is  described  under  Hncephalocele  and  Menin- 
gocele (Sect.  250). 

Spina  Bifida  (see  Sect.  251). 


Malformation  due  to  the  Primitive  Cerebral  Vesicle 
remaining  undivided. 

1 088.  The  monstrosity  resulting  from  this  cause  isknoMm  as  cyclopia 
or  Sjrnophthalmia.     The  characters  it  bears  are  as  follows : — 

In  the  region  of  the  root  of  the  nose  there  is  a  single  orbital 
space.  This  in  some  cases  is  very  small  and  may  not  show  a  trace  of 
an  eye.  In  others  it  is  larger  and  contains  a  rudimentary  single  eye, 
or  two  placed  in  contiguity. 

Between  these  three  alternatives  there  are  several  grades.  Thus 
there  may  be  a  shrivelled  eyeball,  a  single  eyeball,  but  widened  and 
containing  a  double  lens  or  double  cornea  placed  side  by  side. 

The  nose  is  either  completely 
absent  or  is  represented  by  a 
proboscis-like  appendage  of  skin 
and  soft  tissues  continuous  with 
that  of  the  forehead  and  some- 
times of  considerable  length. 

The  frontal  bone  and  upper  jaiv 
are  both  under -developed ;  the 
opening  of  the  mouth  is  small  or 
completely  absent. 

In  place  of  the  two  cerebral 
hemispheres  there  is  a  single  cere- 
bral vesicle  pointed  anteriorly  and 
undi^^ded  by  anything  in  the  shape 
of  a  longitudinal  fissui'e  or  fabc. 
There  is  usually  also  an  absence 
of  convohUions  and  of  a  roipus 
callosum.  The  basal  fjan/jVia  are 
rudimentary. 

The  optic  chiasma  and  the  optic  nerres  are  often  wanting  and  in 
some  cases  there  is  a  single  nerve  ;  the  olfactories  are  always  absent. 

In  other  respects  the  foetus  may  be  normal. 

The  malformation  depends  upon  defective  evolution  of  the  primary 
cerebral  vesicle,  in  consequence  of  which  a  single  optic  vesicle  is 
evolved  or  the  two  lie  in  close  contact.  It  is  a  common  deformity  in 
the  calf  and  lamb. 
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Malformations  of  the  Heart  and  Blood-vessei^. 

1089.  The  first  representative  of  the  heart  in  the  embryo  takes 
the  shaj^e  of  two  small  vesicles  found  towards  the  head  end  and  held 
in  contact  with  the  under  aspect  of  the  primitive  oesophagus  by 
membranous  attachment.  These  two  vesicles  lie  in  the  mesoblast, 
and  shortly  after  they  come  into  existence  fuse  together  so  as  to  form 
a  single  cavity.  This  cavity  assumes  the  character  of  a  tube,  which 
lies  close  under  the  oesophagus  and  nins  parallel  with  it. 

It  is  early  endowed  with 
contractile  properties,  and  ves- 
sels become  attached  to  it. 
Thus  anteriorly  it  forms  a 
slight  bulging  known  as  the 
truncus  communis  arteri- 
osus or  bulbus  arteriosus ; 
while  posteriorly  it  receives 
the  omphalo  -  mesenteric 
veins. 

The  truncus  communis 
arteriosus  divides  into  two 
branches,  the  primitive  aort«e, 
which  course  Imckwards  round 
the  cesophagus  to  unite  on 
the  dorsal  aspect  of  the  same, 
and,  close  by  the  spine,  into 
the  single  dorsal  aorta.  Within 
the  arch  formed  by  each  of 
the  primitive  aortae  embracing 
the  oesophagus  the  rudiments 
of  the  future  large  arteries 
of  the  head,  upper  extremities, 
and  lung  are  laid  down. 

The  next  phase  in  the 
development  of  the  future 
heart  and  arteries  consists  in 
the  fusiform  tube  representing 
the  heart  being  constricted  by 
an  annular  furrow  which  marks 
it  off  into  two  chambers  con- 
tinuous with  each  other.  The  posterior  of  the  two,  receiving  as  it 
does  the  venous  blood,  is  the  primitive  auricle ;  the  anterior  is 
the  primitive  ventricle,  with  the  truncus  arteriosus  emerging 
from  it. 

At  the  same  time  this  tube,  which  up  till  now  has  maintained  a 
straight  direction  in  the  long  axis  of  the  embryo,  takes  a  bend  upon 
itself,  the  so-called  "  sigmoid  bend,"  whereby  the  primitive  ventricle 


Fio.   Ji/il.— Embryo   Chick  of  Fifty -Four  Hour«, 

SHOWISG     THE     HeaRT    {lit)     IN     THE     StAOE     OF 

8IC2MOID  Bend. 
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comes  to  lie  the  lower  (anterior),  the  auricle  the  higher  (posterior) 
of  the  two  cavities  (Fig.  551,  Ht). 

Malformation  No.  1  in  developmental  sequence  is  of  rare 
occurrence,  and  consists  in  an  arrest  of  development  of  the  organ  after 
a  single  auricle  and  ventricle  have  come  into  existence. 

Then  follows  the  separation  of  the  primitive  auricle  and  ventricle, 
each  into  two  cavities,  by  the  development  of  their  respective  septa. 
The  ventricular  septum  grows  from  the  apex  upwards,  the  last  portion 
to  be  covered  in  being  above — the  pars  membranacea  as  it  is  called 
in  the  fully-developed  organ.  This  septum  begins  to  show  itself  by 
about  the  sixth  week  and  should  be  complete  by  the  eighth.  The 
septum  often  fails  at  the  spot  just  indicated  as  being  the  last  to  l3e 
completed,  and  a  patency  remains,  as  in  the  chelonia  and  scaly  reptiles, 
through  adult  life. 

Malformation  No.  2  is  therefore  the  perforate  intra- 
ventricular septum.  Even  with  a  huge  aperture  between  the 
two  cavities  the  individual  may  reach  adult  life. 

The  auricular  septum  grows  downwards  and  from  the  anterior 
aspect,  instead  of  upwards.  It  appears  about  the  eighth  or  ninth 
week  and  not  until  the  development  of  the  ventricular  septum  is 
completed.  By  the  end  of  the  sixth  month  it  is  formed  above,  but  is 
still  widely  defective  below.  A  membranous  fold  now  grows  upwards 
and  partially  closes  in  the  defect  by  uniting  with  the  portion  descend- 
ing from  above.  The  aperture,  however,  remains  open  even  for  some 
time  after  birth  as  the  foramen  ovale.  It  sometimes  remains  per- 
manently open  and  may  allow  blood  to  pass  from  one  auricle  to  another. 

Malformation  No.  3  is  therefore  patent  foramen  ovale. 
This  defect  is  a  common  one,  and  the  intermixtiu-e  of  the  blood 
caused  by  it  often  occasions  great  cyanosis ;  but  in  a  large  number  of 
cases  the  aperture  is  guarded  by  a  valve-like  fold  of  endocardium  which 
prevents  regurgitation  taking  place. 

The  two  embryonic  aortse,  as  aforesaid,  run  over  the  sides  of  the 
primitive  oesophagus  to  coalesce  behind  in  the  single  dorsal  aorta. 
Each  forms  an  arch  in  bending  forwards  and  backwards,  and  within 
the  concavity  of  this  arch  are  developed  fom-  other  vascular  arches  out 
cf  which  the  largest  arteries  are  in  whole  or  in  part  constructed. 
There  are  thus  five  vascular  arches  in  all ;  but  they  are  never  present 
at  the  same  time,  for  when  the  fifth  comes  into  existence,  the  first 
and  probably  the  second  have  been  removed.  Each  arch  springs  from 
an  aorta  on  the  ventral  aspect,  and  enters  the  corresponding  aorta  on 
the  dorsal  aspect.  The  segments  of  the  aortae  intervening  between 
the  points  from  which  they  spring  are  known  as  the  ventral  aortic 
rootSy  and  those  intervening  between  the  points  at  which  they  are 
inserted  are  called  the  dorsal  aortic  roots.  The  five  arches  corre- 
spond, moreover,  to  the  five  branchial  ridges. 

The  truncus  communis  arteriosus  up  till  the  time  when  the 
ventricular  septum  is  beginning  to  grow  upwards  consists  of  a  single 
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stem.     It  soon  becomes  divided  by  a  septum  which  grows  out  from 
either  side  of  its  interior.     The  segments  of  the  septum  unite,  and  the 


Fig.  552. — Schkme  of  the  Branchial  Vessels  showing  how  they  become  converted  into 
THE  Vessels  of  Extra-Uterine  Life. 
(1,  2,  3,  4,  5)  The  five  branchial  vessels ;  (TA)  the  truncus  arteriosus  dividetl  into  the  first  part 
of  the  aortic  arch  (A)  and  the  trunk  of  the  pulmonary  artery  (PA) ;  (A,  A,  A,  A)  the  construction  of 
the  permanent  aorta  ;  (la)  the  left  primitive  aorta  ;  (ra)  the  right  primitive  aorta ;  (PA,  PA)  trunk 
and  the  two  branches  of  the  pulmonary  artery  ;  (da)  ductus  arteriosus ;  (I)  the  innominate  artery ; 
(S,  8, 8)  tlie  rightand  left  subclavian  arteries  ;  ('•,  c)  common  carotid  arteries  ;  (ec,  er)  external  caroUd 
arteries  ;  (k,  ic)  internal  carotid  arteries. 

portion  of  the  vessel  to  be  last  divided  is  that  which  lies  nearest  the 


CHAP,  xci  HEART  AND  BLOOD-VESSELS  927 

heart.  The  one  channel  thus  formed  becomes  the  ascending  part  of 
the  arch  of  the  aorta,  the  other  the  main  stem  of  the  pulmonary 
artery. 

Malformation  No.  4  is  where  the  septum  fails  to  be  completed, 
and  a  patency  remains  between  the  origins  of  the  pulmonary  artery 
and  aorta.  In  the  crocodile  the  aperture  is  permanent^  and  is  known 
as  the  foramen  Panizzss. 

The  first  and  second  arches  disappear  and  take  no  part  in  the  con- 
struction of  the  vessels  of  extra-uterine  life.  The  fourth  left  and  part 
of  the  dorsal  aortic  root  between  tlie  fourth  and  fifth  undergo  great  in- 
crease in  capacity  and  form  the  transverse  part  of  the  arch  of  the  aorta. 
The  ascending  portion  of  the  permanent  aortic  arch  is  thus  developed 
out  of  part  of  the  truncus  communis  arteriosus.  The  left  fourth 
vascular  arch  and  the  left  dorsal  aortic  root  between  the  fourth  and  fifth 
give  rise  to  the  transverse  part  of  the  arch ;  while  the  descending  part 
is  the  continuation  of  the  left  piimitive  aorta  downwards  into  the 
common  dorsal  aorta. 

The  fomih  right  arch  and  the  ventral  and  dorsal  aortic  roots  between 
the  fourth  and  fifth,  become  transformed  into  the  innominate  and  first 
and  second  parts  of  the  subclavian  artery.  The  left  subclavian  artery  is 
an  offshoot  from  the  left  dorsal  aortic  root  between  the  fourth  and  fifth 
arch.  The  third  part  of  the  right  subclavian  is  a  lateral  twig  of  the  right 
dorsal  root  between  the  fourth  and  fifth  arches. 

The  comTnan  carotid  is  the  outcome  of  the  enlargement  of  the 
ventral  aortic  root  uniting  Uie  third  and  fourth  arches  ;  the  external  carotid 
is  a  dilatation  of  the  ventral  aortic  roots  uniting  the  first  and  second  and 
the  second  and  third  arches ;  the  internal  carotid  is  an  enlargement  of 
the  third  vascular  arch  and  of  the  dorsal  aortic  roots  between  the  third  and 
second  and  second  and  first  arches. 

The  fifth  right  arch  in  the  normal  course  of  events  vanishes  in  early 
embryonic  life,  and  the  right  dorsal  aorta  is  similarly  removed,  but 
sometimes  both  of  these  remain  open,  thus  giving  rise  along  ^vith  that 
on  the  left  to  a  double  aorta. 

Malformation  No.  6. — There  is  a  double  aorta.  Both  aortae 
remain  pervious  and  communicate  above  either  with  the  fourth  or 
fifth  arch. 

The  fifth  left  arch  becomes  continuous  with  the  stem  of  the 
pulmonary  artery  derived  from  the  truncus  arteriosus,  and  is  mainly 
transformed  into  the  ductus  arteriosus  or  ductus  Botalli  conveying  the 
foetal  blood  from  the  pulmonary  artery  into  the  aorta.  From  the  con- 
cavity of  this  fifth  arch  two  branches  are  given  ofl*,  the  right  and  left 
pulmonary  artery  stems.  When  the  extra-uterine  circulation  is  estab- 
lished the  ductus  Botalli  of  course  becomes  impervious. 

From  the  complex  manner  in  which  the  large  vessels  of  the  neck 
and  upper  extremities  are  evolved  out  of  the  above  embryonic  rudi- 
ments, an  infinite  number  of  variations  are  rendered  possible.  These 
need  not  be  further  detailed. 


928 


MALFORMATIONS 


PART  III 


Malformations  due  to  Defective  Formation  of  the 
Genito-urinary  Apparatus. 

1090.  This  class  of  malformations  comprises  those  deviations  from 
the  normal  which  are  dependent  upon  irregular  evolution  of 

(1)  The  genital  glands  (testis  and  ovary) ; 

(2)  The  genital  canals  (oviducts,  uterus,  and  vagina) ; 

(3)  The  external  genitals. 


Formation  of  the  Genital  Tuhea  and  Glands. 

Early    in   the    course    of   development   there    projects    from  the 
mesoblast  into  the  })ay  or   angle  of   the    pleuro-i)eritoneal    cavity  a 
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FlO.  553.— bE(TIOX   OF  THE  INTERMEDIATE   CeLL   MasH  OX  THE   FoL'IlTH    DaY 

(after  Waldeyer,  x  160  Diams.) 

(m)  The  mesentery ;  (L)  somatopleure  ;  (<».')  [wrtloii  of  th«  germinal  epithelium ;  (z)  duct  of 
Mliller;  (a)  thickened  jwrtlon  of  the  genuinal  epithelium  in  which  the  primitive  ova  (C  and  o)»re 
lying;  (E)  modified  mesoblast  which  will  form  the  stroma  of  the  orary;  (WK)  Wolffian  body; 
(y)  WolfHan  duct. 

cellular  ridge  known  as  the  intermediate  cell  mass.  It  is  com- 
posed of  mesoblastic  cells,  and  is  of  great  importance  from  the  fact 
that  it  is  within  it  that  the  genital  and  excretory  glands  and  canals 
are  moulded. 

The  excietory  gland  apparatus  in  the  embryo  consists  of  thi*ee 
parts,  namely,  the  pronephros  or  head-kidney;  the  mesonephros 
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or  Wolffian  body ;  and  the  metanephros  or  rudimentary  per- 
manent kidney.  They  are  never  functionally  active  at  the  same 
time,  and  the  pronephros  is  the  first  of  the  tliree  to  be  developed. 
The  pronephros  seems  to  be  a  much  more  active  excretory  organ  in 
low  types  than  it  is  in  highly-organised  vertebrates,  so  that  in  the 
mammalia  it  is  mostly  a  rudimentary  structure.  Renal  excretory 
functions  are  mainly  effected  by  means  of  the  Wolffian  body. 

The  first  rudiment  of  the  various  genital  and  excretory  gland 
structures  to  show  itself  is  a  card-like  column  of  cells  running  in  the  long 
axis  of  the  embryo  and  primarily  occupying  a  dorsal  position  in  the 
intermediate  cell  mass.  When  traced  back  to  it«  earliest  state  it 
appears  to  be  the  result  of  a  delamination  of  the  epiblast  whereby  the 
ridge,  after  having  severed  its  original  connection  with  the  epiblast, 
is  pushed  into  the  intermediate  cell  mass.  Later  on  it  is  scooped 
out  into  a  channel  which  goes  by  the  name  of  the  seg^mental  or 
archinephric  duct.  This  segmental  duct  is  in  communication  with 
the  pronephros  anteriorly,  and  posteriorly  opens  into  the  cloacal 
junction  of  the  intestine  and  allantois.  It  shortly  afterwards  splits 
into  two,  the  Mullerian  and  Wolffian  ducts. 

In  elasraobranchs  the  splitting  is  continued  throughout  the  entire  length  of 
the  duct.  A  solid  offshoot  is  projected  ventrally  from  the  common  channel,  which, 
becoming  hollow,  constitutes  the  Mullerian  duct.  In  the  higher  vertebrates  (fowl, 
Balfour  and  Sedgwick)  the  anterior  end  of  the  Mullerian  duct  is  the  product  of  an 
involution  of  the  peritoneum,  while  tlie  posterior  part  alone  is  an  offshoot  from  the 
segmental  duct. 

The  Wolffian  body  possesses  a  tubular  structure  not  unlike  that  of 
the  permanent  kidney.  The  Wolffian  duct  is  in  communication 
with  it  anteriorly,  while  posteriorly  it  discharges  into  the  common 
cloaca. 

The  MUller's  ducts  open  in  the  anterior  (superior)  abdominal 
region  into  the  peritoneal  or  body  cavity,  while  posteriorly  they 
communicate  with  the  cloaca,  and  later  on  with  the  anterior  sub- 
divided part  of  the  cloaca  known  as  the  uro-genital  sinus.  The 
peritoneal  openings  are  at  first  three  in  number,  but  only  one  of  them 
remains  permanently  open.  It  is  represented  in  adult  life  by  the  free 
opening  of  the  Fallopian  tube.  A  remnant  of  another  opening  is 
probably  to  be  found  in  what  is  known  as  the  female  hydatid,  a 
vesicular  body  attached  by  a  long  pedicle  to  the  fimbriated  extremity 
of  the  tube.  It  has  been  said  that  the  triple  opening  of  the  duct 
anteriorly  is  the  sole  representative  in  the  higher  mammals  of  the 
pronephros  or  head-kidney. 

In  course  of  time  a  third  tube  appears.  The  lower  end  of  the 
Wolffian  duct  becomes  expanded,  and  a  diverticular  segment  is  cut  off 
from  the  hinder  part,  which  subsequently  separates  and  is  con- 
verted into  a  tube — the  permanent  ureter.  It  forms  before  the 
metanephros  or  kidney  proper  comes  into  existence.     Posteriorly  it 
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opens  into  the  allantois,  while  anteriorly  it  develops  numbers  of 
swellings  with  tubules  g^o^ving  out  from  them.  These  tubules 
burrow  into  the  blastema  which  constitutes  the  rudimentary  basis  of 
the  kidney  and  constitute  the  tubules  of  the  permanent  kidney. 

At  a  certain  period  of  development  both  the  male  and  female  glands 
are  present,  so  that  the  embryo  to  begin  with  is  a  true  hermaphrodite. 
Later  on  one  or  other  disappears  according  to  the  sex. 

On  the  ventral  aspect  of  the  intermediate  cell  mass  the  investing 
layer  of  cells  becomes  thicker  than  elsewhere.  Certain  of  these  cells 
also  enlarge,  assume  a  rounded  shape,  and  sink  deeply.  They  become 
the  future  ova,  and  by  a  thickening  of  the  mesoblastic  tissues  at  the 
point  where  they  penetrate,  the  rudiments  of  the  stroma  of  the  ovary 
are  laid  down 


Fia.  554.— Uterus  Bioornis. 

On  the  dorsal  and  inner  aspect  of  the  same  mass  of  mesoblast^  cells 
arranged  in  rows  with  septa  of  connective  tissue  between  them  are 
to  be  seen.  The  rows  of  cells  become  the  seminal  tubes,  and  the 
connective  tissue  remains  as  the  Stroma  of  the  testis. 

The  Wolffian  duct  in  its  future  progress  becomes  chiefly  a  male  ap- 
pendage. It  is  converted  into  the  vas  deferens  and  common  ejaculatory 
duct ;  while  the  vesiculae  seminales  are  developed  out  of  diverticular 
prolongations  from  it. 

In  the  female,  on  the  other  hand,  it  in  great  part  becomes 
effete,  the  only  remnant  of  it  being  the  canal  of  Gartner  (see 
p.  424). 

The  Wolffian  body  divides  into  a  posterior  or  renal  and  an 
anterior  or  sexual  portion.     In  the  female  the  renal  portion  degenerates 
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into  what  is  known  as  the  paroophoron,  while  the  sexual  portion  is 
converted  into  the  parovarium  (see  p.  423).  In  the  male  the  renal 
portion  becomes  the  organ  of  Girald^,  the  sexual  gives  origin  to  the 
greater  part  of  the  epididymis. 


Further  Development  of  Uie  Genito-  Urinary  Organs  and  tlie  corresponding 

Malfomiutions. 

The  Miillerian  ducts  anteriorly  (superiorly)  open  into  the  peritoneal 
cavity  by  free  extremities.     Posteriorly  they  become  continuous  with 


Fig.  55u.— Scheme  or  Uterlh  (et  Vagina)  Bipartitus. 

(S)  Septum  dividing  uterus  into  two  cavities  (m,  u)  and  vagina  Into  a  double  i>assage  (V,  V) ; 
(t,  t)  Fallopian  tubes. 

the  allantois  cloaca.  The  two  ducts  at  first  enter  the  cloaca  separately 
and  are  enveloped  in  a  quantity  of  mesoblastic  tissue,  which  binds 
them  together  into  what  is  known  as  the  g^enital  cord  of  Thiersch. 
They  subsequently  fuse  at  their  extremities,  and  for  some  distance 
upwards.  Out  of  the  single  tube  resulting  from  their  fusion  the 
vagina  and  uterus  are  evolved,  while  the  portions  of  the  duct  beyond 
the  point  where  the  fusion  has  occurred  become  fimbriated  at  their 
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extremities  and  converted  into  the  Fallopian  tubes.  Certain  malfor- 
mations of  the  vagina  and  uterus  arise  from  a  varying  amount  of 
junction  of  the  lower  ends.     They  are  as  follows : — 

(1)  The  fusion  may  have  occurred  at  a  point  too  low  down,  in 
which  case  the  uterus  possesses  a  double  horn  (uterus  bicornis). 

(2)  The  ends  of  the  tubes  may  have  been  bound  together  in  the 
genital  cord,  but  an  aWrption  of  the  adjacent  walls  has  not  followed. 
A  septum  consequently  divides  the  channel  of  the  uterus  and  vagina 


Fig.  550.— Diagrammatic  Scheme  of  the  Parts  concerned  with  the  Development  or  the 
Gexito-Urinary  akd  Rectal  Passages  at  an  Early  Period  of  Embryonic  Life. 

(R)  Rectum  ;  (B)  lower  port  of  allantols  constituting  the  Aiture  bladder.  Both  of  these  op»"n 
into  the  as  yet  uni)erforatcd  floaca  (C) ;  (uc)  uraehus  ;  (nui,  md)  the  two  Miiller's  ducts ;  («*)  the 
three  iwirts  of  the  WolJtian  body;  (m)  ureter;  (ird)  Wolfllan  duct;  (o)  coalescence  of  the  Muller* 
ducts  to  constitute  uterus  and  vagina  ;  (e)  genital  eminence  ;  (gf)  genital  fold  ;  (S)  the  septum  which 
has  not  as  yet  descended  to  subdivide  the  cloaca  into  the  alimentary  jjassage  behind  the  geniU^ 
urinary  in  front. 


into  two  (uterus  et  vagina    septis,    bipartitus,    or   bilocularis).     In 
some  cases  the  vagina  alone  is  so  divided. 

(3)  The  parts  of  the  Midler's  ducts  which  go  to  form  the  uterus 
may  have  remained  separate,  but  only  one  of  them  has  enlarged,  while 
the  other  has  remained  simply  as  part  of  the  Fallopian  tube.  The 
malformation  is  known  as  uterus  unicornis. 

(4)  In  other  instances  still  the  vagina  may  alone' have  developed, 
the  parts  which  go  to  form  the  uterus  remaining  unexpanded.    The 
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uterus  consequently  is  absent  or  rudimentary,  and  the  tubes  come  off 
directly  from  the  vagina. 

Uro-genital  Sinus  and  Rectum. — Up  till  the  seventh  or  eighth 
week  of  intra-ut^rine  life  the  genital,  urinary,  and  intestinal  tubes  open 
into  a  common  blind  extremity  or  cloaca.  The  alimentary  canal  opens 
dorsally,  the  allantois  ventrally,  and  the  Wolffian  and  Miillerian  ducts 
laterally.  A  septum  of  mesoblast  now  grows  downwards  which 
subdivides  the  common  cloaca  into  an  anterior  and  a  posterior  passage. 
The  posterior  passage  is  the  rectum,  the  anterior  the  uro-genital  sinus. 


Fig.  557.— Diaorammatic  Schemk  of  the  Transformatiosr  underoone  by  the  Parts 

REPRESENTED  IN    FlO.    556   IN  THE  CaSE  OF  THE   FEMALE. 

Tlie  aeptmu  (S)  has  now  descended  so  as  to  seimrat^  the  rectum  (K)  from  the  vagina  (V)  and  to 
constitute  the  ptrincum  below;  (B)  bladder  with  obliteratc<l  urach us  («<"•)  above ;  (»)  ureter;  (A) 
ki<lney  ;  (o)  genital  eminence  converte<l  into  the  clitoris  ;  (Ivi)  genital  foM  now  become  the  labium 
inajuM  ;  (U)  uterus  formed  by  the  coalescence  of  the  two  Milller's  ducts,  now  the  Fallopian  ttibes. 


The  latter  is  so  called  because  the  allantois  and  Miiller's  ducts  open 
into  it. 

The  depression  in  the  epiblast  known  as  the  proctodaeum  is  form- 
ing about  the  fifth  week,  or  shortly  before  the  cloacal  septum  begins 
to  show  itself.  It  perforates  the  skin  covering  the  cloaca  about  the 
sixth  week,  and  allows  the  latter  to  open  externally.  The  cloacal 
.  septum,  however,  which  is  being  pushed  more  and  more  downwards, 
comes  to  divide  the  proctodaeum  into  an  anterior  and  a  posterior 
aperture.  The  posterior  apertiu*e  is  the  anus,  the  anterior  is  the 
external  opening  of  the  uro-genital  sinus,  while  the  septum  between 
becomes  the  female  perineum. 
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External  Organs  of  Generation. — While  these  transformations 
have  been  going  on  in  the  internal  parts  connected  with  the  genito- 
urinary organs,  the  external  organs  of  generation  have  also  been 
advancing  in  development. 

There  forms  in  front  of  the  uro-genital  sinus  a  little  conical 
eminence  (genital  eminence)  which  as  it  increases  in  size  becomes 
grooved  on  the  under  surface.  This  is  the  rudimentary  penis  or 
clitoris  according  to  the  sex.  There  also  rise  up  two  ridges  of  in- 
tegument, one  on  either  side  of  the  uro-genital  sinus,  which,  in  the 


Fio,  55S.—  Diagrammatic  Scheme  of  the  Transformations  undergone  by  the  Parts 

REPRESENTED   JN   FlO.    550   IN  THE  CA8E   OF  THE  MaLE. 

(R)  Rectum  ;  (B)  bladder  with  the  uro-genital  sinus  (o)  fonning  the  first  part  of  the  urethra.  The 
dotted  line  In  continuation  of  this  represents  the  groove  on  the  under  aspect  of  the  penis,  by  the 
closing  in  of  which  the  anterior  part  of  the  urethra  is  constituted ;  (mc)  urachus  in  a  state  of 
obliteration  ;  (w)  ureter ;  (Jc)  kidney ;  (0  testicle  ;  (irrf)  Wolfllan  duct  now  forming  the  \"a«  deferens : 
(S)  septum  ;  (s)  genital  fold  now  converted  into  the  scrotum.    The  Mitller's  ducts  have  vanished. 


case  of  the  male,   coalesce   in  the  middle  line  to  give  rise  to  the 
scrotum,  but  in  the  female  remain  apart  as  the  labia  majora. 

In  the  male  the  groove  on  the  under  surface  of  the  penis  closes  over, 
to  form  a  canal,  the  anterior  part  of  the  urethra,  continuous  with  the 
uro-genital  sinus.  The  sinus  itself  contracts  down  to  constitute  the 
posterior  part  of  the  urethra,  and  is  continuous  with  the  allantois,  the 
lower  end  of  which  becomes  urinary  bladder.  The  remaining  p^^t 
of  the  allantois  within  the  body  becomes  the  urachus,  and  this  under- 
goes obliteration.  The  Wolffian  ducts  remain  patent  as  the  v^ 
deferens  and  common  ejaculatory  duct ;  while  the  lower  ends 
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of  the  Muller's  ducts  become  the  prostatic  sinus,  and  the  meso- 
blastic  tissue  around  them  (genital  cord)  the  prostate  itself. 

In  the  female  the  progress  of  development  is  alike  with  that  in  the 
male  up  to  the  point  where  the  rudimentary  penis  (clitoris)  is 
developed  with  the  folds  of  integument  on  either  side  of  the  uro-genital 
sinus.  But  here  the  resemblance  ceases.  The  penis  is  arrested  in  its 
evolution  and  becomes  the  clitoris.  The  anterior  part  of  the  urethra, 
that  part  which  in  the  male  is  constituted  by  the  infolding  of  the 


Fio.  559.— Truk  Hermaphrodite. 

(n)  Glans  penis  ;X(6,  h)  corpora  cavernosa ;  (c)  corp.  cavornosuin  canaliH  uro-genitalis  ;  (</)it8  bulb ; 
(e)  iti}  anterior  limb ;  (/)  pars  meinbranacea  caualis  uro-genitalis  ;  (/i,  h)  lobes  of  the  prostate  ;  (i) 
urinary  bladder ;  (k)  ureters  ;  (0  vagina ;  (m)  uterus  ;  (h')  fundus  uteri ;  (o,  o)  tubes  ;  {p,  p)  infundi- 
biila  of  same  ;  (7,  q)  ovaries  ;  {(f,  i^)  ligamenta  ovarii ;  (r)  right  testicle  ;  (s)  left  testicle  ;  (f)  left 
parovarium ;  (u)  right  parovarium  ;  (r)  hydatid  of  latter;  (w,  w)  vessels  of  sexual  glands ;  (x,  x) 
round  ligaments ;  (y,  y)  broad  ligaments ;  (*)  muscular  fibre  of  bladder  and  vagina  going  to  wall 
of  pelvis. 

groove  on  the  under  aspect,  is  entirely  wanting,  the  short  urethra 
being  simply  an  extension  of  the  neck  of  the  bladder. 

The  uro-genital  sinus  remains  open  and  expands  into  the  vesti- 
bulum,  while  the  coalesced  Miiller's  ducts  are  pushed  downwards  as 
the  vagina  and  uterus.  The  folds  on  either  side  of  the  vesti- 
bulum  become  the  labia  majora. 

It  is  e\ddent  that  from  the  complexity  of  these  transformations 
there  are  many  chances  of  their  failing  to  be  completed.     As  a  matter 
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of  fact  the  geni to-urinary  and  other  pelvic  organs  are  often  malformed. 
These  malformations  are  chiefly — 


(1)  Hermaphroditism. 

Definition. — By  an  hermaphrodite  is  meant  an  individual  jw.^essed 
of  the  male  and  female  genital  glands. 

Hermaphrodites  are  often  divided  into  two  classes — that  of  true 
hermaphrodites,  where  the  person  is  bisexual ;  and  that  of  false 

hermaphrodites,  where 
^    (^,(i  the  sexual  glands  are  single, 

\v  Btv^  Lf  \l^  *"^      where     the     external 

.  organs  of  generation,  merely, 
are  the  subject  of  the  mal- 
formation. 


True  Hei-maphroditism. 

From  the  fact  that  the 
embryo  at  one  period  of  its 
development  possesses  both 
sexual  glands,  there  is  the 
possibility  of  the  condition 
passing  into  adult  life  as  a 
permanent  anomaly.  A  penis, 
prostate,  and  testicles  are  com- 
bined with  ovaries,  tubes,  and 
uterus.  The  ovaries  occupy 
their  usual  position,  and  the 
testicles  lie  somewhere  in  the 
]>road  ligament,  or  may  have 
descended  into  what  corre- 
spond to  the  labia  majora. 
Sometimes  the  external  organs 
are  so  anomalous  as  to  render  it  difficult  to  say  whether  the  individual 
is  uni-  or  bi-sexual,  or  to  which  sex  the  person  most  inclines. 


Fig.  560.— External  Pakts  of  Hermaphhoditk. 

(i)i/)  Entrance  to  uro-genitnl  sinu.H;  (*-r,  .^rr)  scrotRl 
folds. 


False  Herma2)hrodite. 

Such  a  combination  of  the  two  sexes  in  one,  however,  is  rare. 
Much  more  commonly  the  external  organs  of  generation  are  the  parts 
alone  affected.  The  subjects  of  the  malformation  are  always  males, 
but  the  character  of  the  malformation  may  be  such  that  the  external 
organs  of  generation  come  to  resemble  those  of  the  female. 

The  malformation  consists  in  the  scrotal  folds  of  integument  failing 
to  unite  in  the  middle  line.     The  spongy  part  of  the  urethra  is  absent, 
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the  penis  is  rudimentary,  and  the  iiro-genital  sinus  is  left  as  a  vagina- 
like orifice,  usually,  however,  of  small  size.     There  may  be  a  partial 
fusion  in  front,  in  which  case  the  aperture  left  may  correspond  merely 
to  that  of  a  urethra.      The  testicles 
remain  in  the  abdomen  or  slip  down 
into  the   scrotal   folds.       Micturition  .^ 

takes    place    of   course    through    the  / 

more  or  less  transformed  uro-genital  / 

sinus.  / 


(2)  Hypospadia  and  Epispadia. 

Sometimes  the  urethral  groove  on 
the  under  surface  of  the  penis  is  only 
partially  covered  in,  or  terminates  in 
an  aperture  at  a  point  behind  the 
glans  penis.  The  condition  is  known 
as  hypospadia. 

A  similar  aperture  or  a  groove  com- 
municating with  the  urethra  is  some- 
times found  on  the  dorsum  penis.     The  defect  goes  by  the  name  of 
epispadia.     Its  cause  is  not  very  apparent. 


Fm.     501.  —  Penis 


Hermaphrodite 


SHOWING    Orifice    of    Urethra    on 
I'NDER  Aspect. 


(3)  Atresia  Ani. 


d^..-:.- 


There  is  a  series  of  malformations  accounted  for  by  a  failure  to 
complete  the  apertures  of  exit  of  the  intestinal  canal.      They  are 
sometimes  known  by  the  above  generic  title, 
and  are  as  follows  : — 

(a)  Allantois  Cloaca.  —  This  virtually 
corresponds  to  the  condition  of  parts  in  the 
fourth  week,  namely,  where  the  gut  and  the 
uro-genital  passages  open  into  a  common  space 
or  cloaca,  and  where  the  integument  remains 
imperforate.  The  large  intestine  is  usually 
absent. 

(b)  Common  Open  Cloaca. — Represent- 
ing as  this  does  a  stage  still  further  advanced, 
the  cloaca  is  perforate,  but  the  septum  has  as 
yet  not  separated  the  alimentary  from  the  uro- 
genital passages.  From  the  fact  that  it  is  the 
permanent  condition  in  many  of  the  lower 
animals,  it  might  be  supposed  to  be  a  common 
defect  in  Man.    This,  however,  is  not  the  case ; 

it  is  one  of  the  rarest  malformations  of  these  parts. 


Fig.  502.— Epispadia. 
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(c)  The  gut  opens  into  the  genito-urinary  passages.  The  septum 
has  groAvn  down  so  far,  but  not  sufficiently  to  shut  off  the  two  passages 
completely,  and  the  anus  at  the  same  time  is  imperforate.     The  bowel 


1. 


3. 


Fio.  563.— Four  Diagrammatic  Schemes  illustrating  the  Chief  Halformatioks  of  the 

Pelvic  Groans. 

1.  Allantols  cloaca,     (B)  Bladder,  (U)  uterus,  and  (R)  rectum  opening;  into  the  unperforated 
cloaca  (C). 

2.  Common  open  cloaca.    (B)  Bladder,  (U)  uterus,  and  (R)  rectum  opening  into  open  cloaca  (C). 

3.  Atresia  ani  urethralis.    (B)  Bladder,  (P)  penis,  and  (U)  urethra,  the  rectum  (R)  opening  into 
the  Hrat  part  of  the  urethra. 

4.  Atresia  anl  simplex.    (B)  Bladder,  (P)  penis,  and  (U)  urethra.    The  bowel  (R)  ends  in  a  blind 
extremity. 


opens  into  the  neck  or  base  of  the  bladder,  and  the  faecal  discharge  takes 
place  per  urethram.  According  to  the  point  of  communication  the  defect 
is  recognised  as  atresia  ani  vesicalis  or  atresia  ani  urethralis. 
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In  a  second  class  of  cases  the  point  of  exit  is  in  the  raph^  scroti. 
Both  classes  occur  in  the  male  sex.  In  the  female  the  gut  may  open 
into  the  vagina  in  close  proximity  to  the  hymen.  In  the  vesical  forms 
of  the  disease  the  aperture  is  so  nan-ow  that  the  subject  of  it  soon  dies 
from  faecal  retention.  In  any  case,  where  the  communication  is  with 
the  urinary  passages,  the  condition  proves  fatal  usually  within  a  few  days. 
The  opening  into  the  vagina  is  often  wide,  and  defecation  through  the 
genital  passages  may  remain  as  a  permanent  defect  into  adult  life.  As 
a  rule  there  is  no  sphincter ;  in  a  few  instances,  however,  such  has 
been  found. 

Atresia  An!  Simplex. — The  septum  has  been  completed  and  the 
two  sets  of  passages  are  distinct,  but  the  anus  remains  imperforate. 
The  bowel  ends  in  a  blind  extremity. 


Incomplete  Development  of  the  Individual  Parts 
OF  the  Body. 

1091.  (1)  Amelus  (/icAos,  a  limb). — Failure  of  all  the  ex- 
tremities. They  may  be  represented  simply  by  wart-like  protuberances. 
The  child  often  grows  up  into  adolescence  or  it  may  be  old  age. 

(2)  Peromelus. — All  the  extremities  stimted  or  misshapen. 

(3)  Phocomelus  (phoca,  a  seal). — The  hands  or  feet  are  well 
formed,  but  rest  sessile  upon  the  shoulder  or  hip. 

(4)  Micromelus. — Extremities  well  formed,  but  unusually  small 
in  all  parts.  It  may  be  the  upper  or  lower  limbs  which  are  the  seat 
of  the  defect. 

(5)  Abrachius. — Entire  absence  of  the  upper  extremities,  while 
the  lower  are  well  enough  evolved. 

(6)  Perobrachius. — The  upper  arm  is  normal,  while  the  fore- 
arm and  hand  are  stunted. 

(7)  Microbrachius. — Arms  well  proportioned,  but  unusually 
small. 

(8)  Monobrachius. — ^Failure  of  one  upper  extremity. 

(9)  Sympus  (siren). — The  inferior  extremities  are  bound  to- 
gether, it  may  be,  by  a  web-like  appendage  of  integument ;  the  feet  are 
turned  outwards  or  are  absent ;  and  there  is  usually  some  deformity 
of  the  pelvic  bones.  The  external  genitals  sometimes  are  devoid  of 
aperture ;  the  anus  is  almost  always  imperforate. 

(10)  Apus. — Failure  of  lower  extremities. 

(11)  MonopUS. — One  lower  limb  absent,  often  accompanied  by 
some  abnormality  of  the  pelvic  bones. 

(12)  Peropus  and  Mikropus. — Defective  development  or  un- 
usual smallness  of  one  or  both  lower  extremities. 

(13)  Achirus  and  Perochirus. — Absence  or  stunted  growth  of 
hand  or  foot.     This  is  a  rare  deformity. 
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(14)  Perodactylus  and  Syndactylus. — Stunted  development 
and  webbing  of  the  fingers. 

(15)  Individual  bones  may  be  absent.  Those  which  are  most  at 
fault  are  the  patella,  fibula,  radim,  claticle,  scapula,  and  the  bones  of 
a  finger.  The  pelvis  is  often  unusually  small,  although  all  its  bones 
may  be  present. 

Multiple  Pregnancy. 

1092.  It  is  a  question  whether  all  cases  of  multiple  pregnancy 
are  to  be  traced  to  the  same  cause.     It  has  been  supposed — 

(1)  That  several  ova  may  be  discharged  from  a  Graafian  vesicle; 

(2)  That  several  Graafian  vesicles  may  burst  at  the  same  time ; 

(3)  That  a  fertilised  ovum  may  bear  several  germinal  areas ; 

(4)  That  the  single  germinal  area  may  split  into  two  or  more 
parts,  each  l>ecoming  an  independent  individual. 

There  are  arguments  in  favour  of  each  possibility.  Thus  the 
ovary  often  contains  several  corpora  lutea ;  and  it  is  now  pretty  well 
concluded  that  double  and  triple  monsters  result  from  the  partial 
cleavage  of  a  single  germinal  area,  an  observation  which  would  tend 
to  support  the  last  of  the  above  possibilities. 

In  the  lower  animals  what  is  called  superfoetation — that  is  to 
say,  impregnation  of  two  ova  discharged  at  difierent  times,  often  takes 
place.  It  is  common  in  the  sheep,  but  has  not  as  yet  been  distinctly 
proved  to  occur  in  Man,  and  hence  may  l)e  excluded  as  a  possible 
cause. 

Of  all  explanations  that  which  supposes  a  complete  cleavage  of  a 
sin{/le  Uastoderm  is  the  one  which  has  the  greatest  measure  of  support 
from  observed  facts.  Partial  cleavage  is  so  common  a  defect  that  we 
are  almost  forced  to  conclude  that  it  represents  the  arrestment  of  a 
natural  phenomenon. 

In  twin  births  the  relationship  of  the  placenta  and  membranes 
is  not  always  alike.     The  commonest  varieties  are  as  follows  : — 

(1)  Complete  separation  of  the  placentae  and  membranes. 

(2)  Chorion  and  placenta  double,  but  united  where  they  come  in 
contact ;  only  a  single  decidua  reflexa. 

(3)  Placenta,  chorion,  and  reflexa  in  common.  The  vessels  of  the 
umbilical  cords  anastomose  in  the  placenta,  and  the  twins  are  of  the 
same  sex. 

(4)  Where  in  addition  to  the  arrangement  present  in  No.  3  there 
is  also  a  double  amnion. 

Double  and  Triple  Monstrosities. 

1093.  Although  there  have  been  many  theories  to  account  for 
these  malformations,  the  one  which   is  universally  accepted  at  the 
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present  day  is  that  which  implies,  to  begin  with,  a  single  blastodermic 
area.     This  suffers  incomplete  cleavage. 

In  classifying  them  attention  should  be  directed  in  the  first  place 
to  wliether  the  vertebral  column  and  skull  are  partially  or  completely  septarate. 
If  they  are  not  perfectly  distinct  the  next  point  to  examine  is  whether 
the  dvplicity  lies  anteiioiiy  or  posteriorly,  whether  it  affects  the  head  or 
tail  end  of  the  axis  or  both. 


Fig.  S04.— Dicephalus. 


If  the  axis  is  perfectly  cloven  the  individuals  will  be  found  to  be 
adherent  by  some  part  of  the  body.  They  may  be  of  equal  size,  or 
the  one  may  be  so  much  smaller  and  more  stunted  than  the  other 
that  it  looks  like  a  parasite  rather  than  an  independent  being.  In 
other  cases  the  parasitical  twin  may  be  included  in  the  body  of 
the  autosite  as  a  shapeless  tumour-like  mass.  Sometimes  it  happens 
that  the  cleavage  affects  the  rudiments  of  individual  parts,  and 
it  ought  to  be  noted  that  when  this  is  so  the  earlier  the  period  at 
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which  the  cleavage  takes  place  the  more  disastrous  its  effect.  The 
following  table  will  show  at  a  glance  the  different  degrees  of  this  kind 
of  monstrosity  generally  recognised  : — ^ 

(a)  Cleavage  affecting  the  undifferentiated  Embryo. 

(A)  Complete  Cleavage  of  Axial  Structures, 

1094.   1.  Development  of  twins  equal. 

I.  Thoracopagus  (7r7yyvv/ii,  to  bind). 
(a)  Xiphopagus. 

(6)  Sternopagus. 

{c)  Prosopo  -  thoracopagus,  cephalo  -  thoracopagus,   or  synce- 

phalus. 
(d)  Janiceps. 

II.  Craniopagus. 

III.  Ischiopagus. 

2.  Development  of  twins  unequal. 

I.  Acardiacus  (amorphus,  mylacephalus,  acephalus,  acormus,  etc.). 
IL  Thoracopagus  parasiticus. 

III.  Epignathus. 

IV.  Teratoma. 

V.  Inclusio    foetalis    (abdominalis,    subcutanea,    mediastinalis, 

cerebralis,  testiculi,  etc.). 

(B)  Partial  Cleavage  of  Axial  Structures, 

1.  Duplicitas  anterior. 

I.  Double  pituitary  body. 

II.  Clefts   of   the    face    and   duplication  of    the   mouth,   etc 

(diprosopus,     distomus,     diophthalmus,     triophthalmus, 
tetrophthalmus,  triotus,  tetrotus,  etc.). 

III.  Dicephalus. 

IV.  Pygopagus. 

2.  Duplicitas  posterior. 

Dipygus,  cleavage  of  coccyx  or  of  other  parts  of  the  pelvis. 

(C)  Multiple  Cleavage. 

Tricephalus,  or  it  may  be  both  the  head  and  tail  ends  simultane- 
ously bifid  (Rhachipagus). 

^  The  author  begs  to  acknowledge  his  indebtedness  in  drawing  up  this  table  to  the 
excellent  summary  of  these  malformations  given  by  Ziegler  (No.  337,  p.  33)  and  by 
Birch-Hirschfeld  (No.  417,  p.  243). 
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(J3)  Cleavage  affecting  the  Rudiments  of  Individual  Parts. 

I.  Duplication  of  limbs — polydactylism,  etc. 
II.  Duplicate  mammary  glands — polymastia. 

III.  Supernumerary  bones  and  muscles. 

IV.  Duplication  of  viscera. 


Fio.  565.— Thoracopaous. 


Thoracopagus. — By  this  is  meant  a  condition  in  which  the 
fcetus,  completely  separated  axially,  are  united  by  some  part  of  the 
thorax.     In  some  instances  the  heads  are  also  confluent,  the  terms 
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prosopo-thoracoijagiis,  Janiceps,  etc.,  being  applied  to  the  deformity. 
In  Janiceps  (Janus,  the  sun-go<i)  the  faces  are  placed  opposite  each 
other.  Where  the  union  is  by  a  band  opposite  the  xiphoid  cartilage, 
as  in  the  Siamese  twins,  the  condition  is  known  as  a  xiphopagus; 
when  the  sterna  represent  the  point  of  junction,  as  a  stemopagus. 

Craniopag^S. — Where  the  twins  are  bound  by  the  head  alone. 

Ischiopag^S. — Where  the  axial  cleavage  is  complete,  but  where 
the  two  pelves  are  fused  in  a  single  girdle,  the  sacra  being  placed 
opposite  each  other. 

Acardiacus. — Where  the  development  of  the  one  twin  is  much 


Fig.  500.— XiPHOPAors. 


below  that  of  the  other,  and  where,  among  other  things,  the  heart  is 
wanting.  In  the  variety  known  as  A,  amoi-phus  the  autosite  is  a  mere 
shapeless  lump  covered  by  skin,  without  head,  extremities,  or  genitals. 
In  A.  mylacephalus  the  head  end  is  represented  by  a  hook-like  process, 
smooth  or  covered  with  hair.  In  A.  acephalus  only  the  lower  pft^ 
of  the  body  is  developed ;  in  A.  acormus  the  opposite  condition  pr^ 
vails,  namely,  fair  development  of  head  and  face  but  posterior  end 
wanting. 

Thoracopagus  Parasiticus. — The  autosite  hangs  as  an  append- 
age usually  from  the  neighbourhood  of  the  ensiform  cartilage. 
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Epig^athus. — A  shapeless  lump  embedded  generally  in  the 
lower  jaw. 

Teratoma. — A  mere  tumour-like  mass  made  up  of  simple  tissues. 

Inclusio  Foetalis. — Where  the  parasite  is  hidden  in  the  body  of 
the  autosite. 

Double  pituitary  body  is  the  least  degree  of  anterior  cleavage. 


FlO.  6d8.-  ISCHIOPAGUS. 


Fio.  667.— Craniopaous. 


Fio.  669.— Pelvis  of 

ISCHIOPAOUS. 


Dicephalus. — Where  the  anterior  cleavage  of  the  axis  goes  so 
far  that  there  are  two  distinct  heads  and  a  single  vertebral  column. 
Sometimes  the  vertebral  column  is  also  double  for  a  certain  distance 
downwards. 

Pyg^opag^US. — This  represents  the  greatest  extent  of   anterior 
VOL.  II  3  P 
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cleavage.  The  twins,  as  in  the  so-called  "  Two-headed  Nightingale," 
are  united  merely  by  the  sacrum  or  coccyx  (Fig.  570). 

Dipys^S. — By  this  is  imderstood  an  amount  of  posterior  cleavage 
sufficient  to  furnish  a  double  pelvis. 

Tricephalus. — A  very  rare  malformation.  The  three  heads  arise 
from  a  single  rhachis. 

Polydactylistn. — Multiplication  of  the  fingers  or  toes  is  one  of 
the  commonest  malformations  implying  cleavage  of  a  part  As  before 
stated,  it  is  often  hereditary. 

Of  all  the  viscera  liable  to  duplication  the  spleen  stands  pre- 
eminent. A  small  lymph-gland-like  spleen  is  often  met  with  as  an 
appendage  to  the  main  organ. 


Situs  Transversus. 

1095.  By  this  is  meant  a  remarkable  malformation  in  which  the 
position  of  the  viscera  on  the  right  and  left  sides  of  the  body  is 
transposed. 

Talipes  (club-foot — talus,  the  ankle ;  and  pedare,  to  foot). 

1096.  There  are  four  recognised  forms  of  club-foot  — namely,  T. 
equinus,  T.  varus,  T.  valgus,  and  T.  calcaneus.  These  varieties  are 
often  combined,  the  most  notable  being  T.  equino-varus,  T.  equino- 
valgus,  T.  calcaneo-varus,  and  T.  calcaneo-valgus. 

T.  Equinus  (tip-foot). — The  deformity  is  originally  due  to  a  purely 
musculo-tendinous  defect,  the  tendo-AchiUis  and  muscles  of  the  calf  of 
the  leg  being  the  parts  at  fault.  These  are  contracted  in  such  a 
manner  as  to  draw  the  foot  upwards,  and  to  cause  the  individual  to 
walk  on  the  outstretched  toes  and  ball  of  the  foot.  In  some  cases  the 
condition  is  acquired  as  a  result  of  infantile  paralysis,  and  in  such  cas^ 
is  combined  with  T.  varus. 

In  course  of  time,  however,  the  bones  become  deformed.  The 
astragalus  is  diminished  in  size  and  the  articular  surfaces  are 
partially  deprived  of  cartilage,  while  new  articular  facets  form.  The 
articular  facet  of  the  astragalus  with  the  scaphoid  is  unusually  small 
The  calcaneum  is  forced  forwards  on  the  dorsum  of  the  foot  The 
tarsus  comes  to  lie  in  a  nearly  vertical  line  with  the  bones  of  the  leg. 

T.  Varus  (varuSy  stretched). — This  is  the  commonest  variety  of 
club-foot  The  foot  is  turned  inwards  and  upwards.  The  heel  is  drawn 
more  or  less  upwards,  so  that  the  subject  of  the  deformity  comes  to 
walk  on  the  outside  of  the  foot.  Both  feet  are  as  a  rule  affected,  and 
the  deformity  is  sometimes  congenital.  The  muscles  concerned  are 
chiefly  the  gastrocnemius,  with  the  tibialis  anticus  and  posticus.  The 
bones  are  altered  in  such  a  manner  that  the  astragalus  becomes 
malshapen.     The  articular  surface  of  the  head  presents  two  articular 
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facets ;  one  for  the  navicular  bone,  which  is  displaced  inwards  and 
drawn  up  under  the  inner  malleolus ;  the  other,  which  can  hardly  be 
called  an  articular  facet,  projects  freely  on  the  back  of  the  foot.  It  is 
simply  a  part  of  the  articular  surface  of  the  head  left  exposed  by  the 
shifting  of  the  navicular  bone. 

T.  Valgus  {valgus,  wry  or  distorted). — The  deformity  is  the 
opposite  of  that  in  the  foregoing.  The  outer  border  of  the  foot  is 
directed  upwards,  the  inner  downwards,  and  the  sole  outwards.  The 
person   walks   therefore  upon   the   inner   aspect  of   the   foot     The 
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muscles  at  fault  are  chiefly  the  peronei,  along  with,  in  most  cases, 
some  of  the  extensors  of  the  toes,  such  as  the  extensor  longus 
digitorum. 

In  flat  or  splay  foot  there  is  very  much  the  same  distortion  as 
above  described,  but  in  a  minor  degree,  with  in  addition  relaxation  of 
the  ligaments  of  the  sole  of  the  foot.  It  is  not  usually  a  congenital 
affection. 

T.  Calcaneus  (hook-foot). — The  toes  are  drawn  up  towards  the 
leg,  while  the  heel  is  markedly  depressed.     The  foot,  owing  to  the 
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depression  of  the  heel,  appears  to  be  correspondingly  shortened.  The 
calcaneum  lies  in  a  line  with  the  leg,  and  the  soft  tissues  of  the  heel 
become  hypertrophied. 

Literature  on  Mal/onnatuma, — Abercrombie  (Atresia  Ventriculi) :  Trans.  Path. 
Soc.,  zzxiy.  1882  83,  p.  78.  Ahlfeld :  Die  Missbildungen  d.  Menschen,  1880-82, 
Atlas.  Arnold  (Heart) ;  Arch.  f.  path.  Anat,  xlii.  1868,  p.  449  ;  Il^ui.,  li.  1870,  p. 
220.  Asht^  (Atresia  Pulm.  Art,  Stenosis  of  Tricuspid,  Patent  Foramen  Ovale): 
Med.  Times  and  Gaz.,  1884,  L  p.  853.  Beale  (Maternal  Impressions):  Lancet, 
1860,  ii.  p.  430.  Berridffe  (Aortic  Valve):  Trans.  Path.  Soc,  xxxiv.  1882-83,  p. 
76.  Bradley  (Heart):  Brit.  Med.  J.,  Sept.  28,  1872,  p.  83.  Bury  (Constriction 
Pulm.  Orifice  by  Fusion  of  Valves) :  Lancet,  1884,  ii.  p.  188.  Coats  (Aortic  Valve) : 
Glasg.  Med.  J.,  xv.  1881,  p.  372.  Coupland  (Heart) :  Med.  Times  and  Gaz.,  1884, 
ii.  p.  601.  Dareste :  Recherches  sur  la  dualite  primitive  du  cotur,  etc.,  Comptes 
rend,  de  I'acad.  de  sc.,  Ixiii  1866,  p.  608  ;  (Artificial  Production)  Ibid.,  Ixvi.  1868, 
p.  155  ;  Ibid.,  xcv.  1882,  p.  254  ;  Ibid.,  xcvi.  1883,  pp.  511,  444  ;  also,  Recherches 
sur  la  production  artificielle  des  monstruosit^s,  1877.  Dilg  (Heart) :  Arch.  f.  patli. 
Anat.,  xci.  1883,  p.  193.  Eichorst  (Bigeminous  Heart) :  Corresp.  Bl.  f.  schweiz. 
Aerzte,  xiv.  1884,  p.  369.  Foerster:  Die  Missbildungen  d.  Menschen,  1865.  Furst 
(Lungs)  r  Missbildungen  d.  Lunge,  Handb.d.  Kinderkr.  (Gerhardt),  iii  1878,  p.  653. 
Geonroy  St.  Hilaire  (I.) :  Propositions  sur  la  monstruosite,  etc.,  1829 ;  also, 
Histoire  g^n^rale  et  particuliere  des  anomalies  de  I'or^nisation,  Atlas,  1837. 
Greenfield  (Persistence  of  Left  Vena  Cava,  Absence  of  Right) :  Trans.  Path.  See., 
xxvii.  1876,  p.  120.  Hale  White  (Diseases  of  Chorion) :  Brit.  Med.  Joum.,  1887, 
L  p.  768.  Heydenreich  (Encephalon  Trilobulare  and  Schistoproaopus) :  Ajch.  f. 
path.  Anat,  c.  1885,  p.  241.  Humphry  (Sp.  Bifida) :  Joum.  of  Anat.  and  Physiol., 
xix.  1884-85,  p.  500;  also  (Genu  Valgum),  Illust.  Med.  News,  vL  1890,  p.  49. 
Larcher:  Melanges  de  patholo^e  compar^e  et  de  teratologic,  1878.  Marshall 
(Development  of  Great  Ant.  Vems) :  Philosoph.  Trans.,  pt.  i.  1850.  Maylard 
(Lungs) :  Joum.  of  Anat.  and  Physiol.,  xx.  1885-86,  p.  34.  Meyer  (Lungs) :  Arch, 
f.  patn.  Anat.,  xvi.  1859,  p.  78.  MiiUer  (Perforate  Ventricular  Septum) :  Arch.  f. 
path.  Anat.,  Ixv.  1875,  p.  140.  Norman  Moore  (Heart) :  St,  Barth.  Hosp.  Rep., 
xi.  1875,  p.  225;  Ibid.,  xiL  1876,  p.  101 ;  Trans.  Path.  Soc.,  xxxii.  1881,  p.  89. 
Orth  (Perforate  Septum) :  Arch.  f.  path.  Anat,  Ixxxii.  1880,  p.  529  ;  also,  Lehrbuch 
d.  spec.  path.  Anat.,  i.  1887,  p.  126.  .Panum:  Untersuch.  uber  d.  Enstehung  d. 
Missbilduiigen,  1860.  Parker  (Spina  Bifida— Report) :  Brit  Med.  Joum.,  1885,  I 
p.  1098.  Peacock :  Malformations  of  Human  Heart,  1866  ;  also,  Trans.  Path.  Soc, 
XX.  1869,  pp.  61,  87  ;  Ibid.,  xxi.  1870,  p.  78  ;  xxii  1871,  p.  85 ;  Ibid.,  ixv. 
1874,  p.  62;  Ibid.,  xxvii.  1876,  p.  31.  Pomer  (Heart):  Trans.  Path.  Soc.,  xv. 
1865,  p.  62.  Princeteau :  Progrte  de  la  teratologic  dcpuis  Isidore  Geoflroy  St. 
Hilaire,  Thesis,  1886.  Quain  (Perforate  Ventricular  Septum) :  Trans.  Path.  Soc.,  i. 
1846-48,  p.  60.  Reinhard  (Thin  Part  of  Vent  Wall) :  Arch.  f.  path.  Anat,  xiL 
pp.  129,  143.  Roger  (Perforate  Septum) :  Med.-Chir.  Centralbl.,  xvi.  1881,  p.  26. 
Rokitansky :  Die  Defecte  d.  Scheidwiinde  d.  Herzens,  1875.  Sommerbrodt  (Atresia 
Aortae):  Deut  mil.  arztl.  Ztschr.,  xii.  1883,  p.  65.  Theremin  (Two  Cases  of 
Absence  of  Left  Lung) :  Rev.  mens.  d.  mal.  de  I'euf.,  ii.  1884,  p.  554.  Tungcl 
(Double  Perforate  Septum):  Arch.  f.  path.  Anat,  xxx.  1864,  p.  267.  Turner 
(Abnormal  Arrangements  of  Vessels) :  Brit  and  Foreign  Med.  Chir.  Rev.,  1862; 
also  (Heart,  two  Cavities),  Trans.  Path.  Soc.,  xxxiv.  1882-83,  p.  32.  Virchow 
(Situs  Transversus) :  Arch.  f.  path.  Anat,  xxii  1861,  p.  426.  Vulpian  (Artificial 
Production) :  Arch,  de  physiol.  norm,  et  path.,  iv.  1871-72,  p.  90.  Wagstaffc 
(Perforate  Auricular  Septum) :  Trans.  Path.  Soc.,  xix.  1868,  p.  96.  White  (Atresia 
Aortae) :  Brit  Med.  J.,  1884,  ii.  pp.  826,  909. 


CHAPTER  XCII 
DISEASES   OF   THE   FCETAL   MEMBRANES   AND   PLACENTA 

The  Amnion, 

1097.  Inflammation. — It  is  a  thoroughly  recognised  fact  that  the 
foetal  membranes  may  become  inflamed  in  uiero.  The  amnion  some- 
times shows  evidence  of  this  in  the  production  of  adhesions  between 
the  membrane  and  some  part  of  the  fcetus.  These  adhesions  are 
commonest  at  the  head-fold,  and  are  said  to  account  for  many  of  the 
deformities  found  in  connection  with  the  vault  of  the  skull  and 
enclosed  viscera  (p.  92). 

Hydramnion. — By  this  is  understood  an  excessive  accumulation 
of  amniotic  liquid.  It  is  usually  regarded  as  expressive  of  obstruction 
to  the  flow  of  the  maternal  circulation.  It  has  been  suggested  that 
the  accumulated  liquid  is  in  part  foetal  urine,  but  this  seems  unlikely. 
The  placenta  is  usually  enlarged  in  these  cases,  and  the  choroidal 
viDi  swollen  and  apparently  dropsical.  The  fcetus  is  either  dead  or 
under-developed.  Actual  deformities  in  the  foetus  have  been  alleged 
to  be  traceable  to  this  cause,  but  the  evidence  in  support  of  the 
allegation  seems  meagre. 

Deficient  Amniotic  Liquid. — When  the  amniotic  liquid  is 
scanty  the  undistended  membranes  press  upon  the  enclosed  foetus. 
This  pressure  must  be  ranked  as  a  frequent  cause  of  malformation.  It 
is  quite  likely  that  many  defects  in  the  development  of  the  head  and 
limbs  are  caused  in  this  way. 

Chorion  and  Placenta, 

1098.  When  the  foetus  dies  at  an  early  stage  the  chorion  need  not 
be  discharged.  The  ovum  in  most  cases  disappears ;  it  is  most  likely 
absorbed.  The  choroidal  villi  and  placenta  degenerate,  and  possibly 
this  degeneration  accounts  for  the  death  of  the  embryo.  The  chorion, 
however,  does  not  necessarily  die.     It  continues  to  grow,  although  the 
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growth  often  shows  a  morbid  type.     The  resulting  structure  still  goes 
by  the  old-fashioned  name  of  a  mole  {moluy  a  false  conception). 

There  are  chiefly  two  varieties  of  these  structures — the  so- 
called  fleshy  mole  and  the  hydatid  mole. 

Fleshy  Mole. — This  takes  the  form  of  a  cast  of  the  interior  of 
the  uterus,  and  may  be  expelled  in  an  unruptured  condition.  It 
possesses  a  large  cavity  in  which  foetal  remains  often  cannot  be 
detected.  Its  walls  may  be  from  a  quarter  to  half  an  inch  thick  or 
even  more,  and  in  general  consistence  it  resembles  a  placenta. 
Haemorrhages  of  considerable  bulk  may  be  detected  in  it,  and  here 
and  there  cysts  filled  with  clear  liquid,  and  from  the  size  of  a  pea  to 
that  of  a  walnut,  project  into  its  interior.  It  looks  almost  as  if  the 
whole  chorion  had  imdergone  placental  thickening,  while  some  of  the 
villi  had  suffered  from  cystic  degeneration. 

Hydatid  Mole. — In  this  case  the  appearances  of  the  ejected 
chorion  are  different  There  is  not  the  same  fleshy  thickening  of  the 
membrane.  The  whole  of  the  placental  and  choroidal  villi  seem  to 
have  been  transformed  into  grape -like  bimches  of  rounded  cysts. 
These  cysts  vary  in  size.  The  smallest  are  almost  microscopic ;  the 
largest  perhaps  come  up  to  the  size  of  a  large  pea.  They  are  filled 
with  clear  fluid,  which  is  said  to  contain  mucin  (Fig.  571). 

The  view  has  been  entertained  that  the  connective  tissue 
corpuscles  of  the  choroidal  villi  are  the  source  of  the  cysts — that  they 
become  distended  and  stretched  with  a  dropsical  liquid.  A  more 
feasible  explanation  is  that  parts  of  the  villi  suffer  from  mxyomatous 
degeneration  and  that  the  cyst-like  bodies  are  points  where  the 
resulting  mucoid  has  accumulated 

Sometimes  only  certain  cotyledons  are  affected,  and  then  the  child 
may  live  up  to  full  time. 

Fatty  Degeneration  of  the  Placenta. — It  has  been  supposed 
that  a  fatty  degeneration  of  the  placental  villi  takes  place  naturally 
at  the  full  limit  of  utero-gestation.  Such  does  not  seem  to  be  the 
case.  The  great  bulk  of  placentae  at  full  time  do  not  show  any  such 
appearance.  There  is  no  commoner  alteration  of  the  placenta  than  a 
fatty  condition  of  its  villi.  The  seat  of  the  degeneration  is  usually  said 
to  be  the  blood-vessels.  The  oil  globules,  however,  are  far  more 
often  found  on  the  surface  of  the  villus  than  in  its  interior  where  the 
vessels  lie.  The  particular  structure  affected  appears  to  be  the  layer 
of  epithelium  covering  the  surface,  and  separating  the  foetal  from  the 
maternal  parts — the  remains  of  the  sub-zonal  membrane.  Any  fatty 
change  in  this  structure  would,  from  the  important  position  it  holds, 
and  from  the  probable  function  it  subserves,  tend  to  interfere  with  the 
whole  economy  of  the  placenta. 

White  Infarcts. — Pale  yellow  masses  of  tissue  are  often  found 
scattered  throughout  the  substance  of  the  placenta.  They  have  been 
called  white  infarcts  by  Hoffmann ;  and  have  been  held  to  be 
indicative  of  a   syphilitic    infection.     They   have  also   been  found 
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associated  with  large  and  pale  kidneys  (Favre,  No.  13,  cxx.  1890, 
p.  461).  K  they  are  not  extensive,  utero- gestation  may  go  on  to 
full  time. 

They  are  of  various  shapes  and  sizes,  the  smallest  about  the  size 
of  a  hemp-seed,  the  largest  coming  up  to  that  of  a  walnut.  They  are 
often  wedge-shaped,  and  are  best  seen  upon  the  attached  aspect  of 
the  placenta.  Spaeth  and  Wedl  (quoted  by  Ackermann,  No.  13, 
xcvi.  1884,  p.  439)  found  them  in  3^  per  cent  of  all  placentae. 


Fio.  571. — Hydatid  Mole  showino  the  Bladder-like  Cysts  attached  to  a  Stem. 


Examined  microscopically,  they  consist  in  great  part  of  masses  of 
fibrin.  The  fibrin  is  homogeneous  as  in  an  aneurismal  sac,  not  in  the 
form  of  a  network,  and  has  canal-like  spaces  and  fissures  coursing 
through  it 

It  surrounds  and  fixes,  embeds  in  fact,  the  placental  villi.  The 
artery  and  vein,  or  the  artery  alone,  are  said  by  Ackermann  to 
be  embedded  in  a  small -cell  (inflammatory)  deposit;  but  this  has 
not  been  confirmed  by  others.      The  epithelium  covering  the  villi 
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desquamates,  assumes  a  homogeneous  appearance,  and  vanishes  in  the 
surrounding  fibrin. 

All  sorts  of  theories  have  from  time  to  time  been  invented  to 
account  for  these  deposits.  They  have  been  supposed  to  be  inflamma- 
tory (Simpson),  to  be  caused  by  haemorrhage  (Gierse),  or  to  be  masses 
of  placenta  in  a  state  of  coagulative  necrosis  as  in  yellow  infarction 
of  the  kidney  and  spleen  (Ackermaim). 

Summarising  the  facts  derived  from  recent  observation  by  various 
writers  (see  Bibliog.),  the  course  of  events  in  their  formation  seems  to 
be  somewhat  as  follows : — There  appears  in  all  cases  to  be  a  dense 
accumulation  of  serotina-like  decidual  cells  between  the  maternal  and 
foetal  parts.  These  cells  are  most  likely  derived  from  the  serotina. 
They  come  to  impinge  upon  the  villi,  to  force  their  way  beneath  its 
epithelium,  to  separate  this  from  the  surface  of  the  villus,  and  to 
envelop  the  stroma.  There  being  now  no  structure  separating  the 
villi  and  the  maternal  blood-vessels,  blood-plasma  is  effused  either  in 
the  form  of  a  haemorrhage  or  as  an  exudate,  and  coagulates.  A  great 
many  of  the  serotinal  cells  seem  to  become  homogeneous,  to  mix  with 
this,  and  thus  to  disappear ;  and,  as  before  mentioned,  the  epithelium 
of  the  villi  meets  a  similar  fate. 

Both  Rossier  and  Favre  state  that,  along  with  these  occurrences  in  the  placenta 
itself,  an  obliterative  affection  of  the  uterine  arteries  opposite  the  affected  part  takes 
place.  It  is  brought  about  by  a  thickening  of  the  tunica  intima,  and  apparently  is 
quite  homologous  with  that  which  occurs  in  the  uterine  arteries  generally  after  par- 
turition. "What  is  not  quite  clear,  however,  and  this  is  just  the  turning  point  in 
accounting  for  this  curious  lesion,  is  whether  the  state  of  the  arteries  is  primary  or 
secondary  to  that  of  the  placenta.  In  cases  which  are  syphilitic  it  might  be  sup- 
posed to  be  primary,  but,  on  the  other  hand,  it  might  be  argued  that  the  condition 
of  the  arteries  is  simply  one  of  prematui*e  involution,  owing  to  the  corresponding 
cotyledon  of  the  placenta  having  died  or  become  functionally  inert. 

Placental  Inflammation. — The  placenta  sometimes  becomes 
fixed  to  the  uterine  wall  by  adhesive  inflammation.  This  is  a  common 
cause  of  a  portion  of  the  placenta  being  retained.  Suppurative  inflam- 
mation ending  in  abscess  has  also  been  recorded.  It  is,  however,  a 
very  rare  affection. 

Syphilitic  Placenta. — Gummata,  it  is  said,  have  been  found 
within  the  placenta.  The  white  infarcts  just  described  may  be  readily 
mistaken  for  them. 


Tubercular  Infection  of  Fcetus  in  Utero. 

1099.  It  is  a  well-known  fact  that  the  tubercularisation  of  the  foetus 
in  uiero  is  among  the  rarest  of  occurrences.  Only  a  very  few  records 
of  such  having  taken  place  are  to  be  found  in  medical  literatiu-e,  and 
in  some  of  them  it  seems  probable  at  least  that  the  deposits  called 
tubercular  were  in  reality  syphilitic.     Even  in  extreme  general  tuber- 
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culosis  of  the  mother,  the  foetus,  placenta,  and  membranes  in  the  vast 
majority  of  cases  are  free  from  any  tubercular  deposit  and  from  the 
presence  of  the  tubercle  bacillus. 

Curt  Jani  (No.  13,  ciii.  1886,  p.  622)  attempted  to  account  for  those  few  cases  in 
which  intra-uterine  tuberculosis  has  been  alleged  to  have  been  found,  by  a  tubercular 
infection  of  the  ovum  through  the  sperm  of  the  male  or  the  Fallopian  tube  of  the 
female.  He  said  that  he  found  tubercle  bacilli  in  the  prostate  and  Fallopian  tubes 
in  cases  of  general  tuberculosis,  even  where  these  were  otherwise  free  from  disease. 
It  may  legitimately  be  asked,  however,  what  tubercular  infection  of  the  ovum  means. 
Landouzy  and  Martin  asserted  that  they  had  rendered  guinea-pigs  tubercular  by 
injecting  into  them  the  semen  of  tubercular  rabbits.  Rohlff,  however,  has  failed  to 
induce  tuberculosis  by  injecting  the  semen  of  tubercular  men  into  the  anterior 
chamber  of  animals. 

LiUrature  an  Diseases  of  Fcetal  Membranes  and  Placenta. — Ackermann  (White 
Infarct):  Arch.  f.  path.  Anat,  xcvi.  1884,  p.  439.  Hoffmaim:  Ueb.  d.  weissen 
Infarct,  d.  Placenta,  1882.  Kiistner  (White  Infarct):  Arch.  f.  path.  Anat,  cvL 
1886,  p.  342.  Langhans:  Arch.  f.  Anat  u.  Entwickelungsgesch.  v.  His  u. 
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PART  IV 

DISEASES  DUE  TO  VEGETABLE  AND  ANIMAL 
PARASITES 


CHAPTER  XCIII 
A.  SYSTEMATIC  BACTERIOLOGY 

Introdxidory. 

11 00.  The  general  methods  pursued  in  bacteriological  research  have 
already  been  indicated  (vol.  i  p.  112).  And  where  diseases  caused  by 
a  vegetabl0,  parasite  have  been  described,  most  of  the  particulars  con- 
cerning the  parasite  have  been  included  in  the  description.  It  now 
remains  to  treat  of  the  subject  of  Bacteriology  from  a  systematic  point 
of  view,  and  to  describe  those  parasites  and  their  effects  which  do  not 
influence  any  organ  in  particular,  but  which  give  rise  to  a  disease 
affecting  the  system  more  or  less  generally.  Such  are  the  organisms 
of  anthrax,  septicaemia,  etc. 

From  the  fact  that  the  living  animal  body  is  such  a  rich  storehouse 
of  those  very  substances  which  serve  as  their  natural  food  when  leading 
a  saprophytic  existence,  it  is  not  surprising  that  certain  microphytes 
have  become  parasitic.  Indeed  the  marvel  is  that  the  living  organism 
resists  their  invasion  so  well  as  we  know  it  does. 

Plants,  although  they  sometimes  become  a  prey  to  parasitic 
microbes,  are  not  so  liable  to  disease  from  this  cause  as  animals.  It 
is  said  that  their  juices  and  tissues  do  not  furnish  so  favourable  a 
pabulum  as  the  corresponding  juices  and  tissues  in  animals.  Their 
acid  reaction  is  said  to  render  them  proof  against  many  varieties. 

Conditions  of  Existence  of  Bacterial  Life. 

1101.  In  studying  the  low  forms  of  vegetable  life  which  are  para- 
sitical on  Man  and  animals,  attention  must  be  paid  more  particularly 
to  their  morphology,  life  history,  and  properties  of  assimilation  and 
metabolism — to  their  physiology,  so  to  speak — and  to  the  various  effects 
which  they  themselves  or  the  products  secreted  or  otherwise  elaborated 
by  them  have  upon  individual  tissues  and  upon  the  system  generally. 

According   to   their   habits  they   are   divided  into   two  classes, 
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saprophytes  and  parasites.  The  saprophytes  are  such  as  grow  on  dead 
organic  substances,  the  parasites  those  which  lead  an  existence  upon  a 
living  host  Some,  but  only  a  few,  are  pure  parasites — ^that  is  to  say, 
their  existence  as  saprophytes  is  unknown.  They  are  distinguished  as 
obligatory  parasites  (parasites  obliges).  Many  supposed  members  of  this 
class  have  lately  been  shown  to  be  capable  of  artificial  cultivation. 
The  leprosy  bacillus,  however,  so  far  as  we  know,  refuses  to  grow  on 
anything  but  the  living  animal  body.  This  difficulty,  it  is  only  reason- 
able to  believe,  will  ultimately  be  overcome.  And  so  it  is  with  others. 
Their  number  is  rapidly  diminishing  in  consequence  of  the  discovery 
of  the  particular  conditions  necessary  for  their  flourishing  in  a  sapro- 
phj^ic  condition. 

Most  of  the  parasitic  microbes,  it  may  now  be  asserted,  can  be 
made  to  lead  a  double  existence,  namely,  that  of  saprophyte  and 
parasite.  To  such  the  term  facultative  parasites  (parasites  facultad^) 
is  usually  given. 

Certain  moulds  which  in  their  natural  state  are  exclusively  sapro- 
phytic can  be  made  to  lead  a  parasitic  life  when  transferred  artificially 
to  properly  constituted  animal  hosts.  Hence,  even  in  the  case  of 
the  piwely  obligatory  members,  those  which  apparently  will  grow  only 
on  the  living  animal  body,  there  is  the  presumption  that,  at  some  time, 
they  have  been  saprophytic,  and  that  their  parasitic  qualities  have  been 
acquired  by  long  custom.  The  tendency,  however,  is  greater  in  the 
opposite  direction.  Many  of  the  parasites  can  be  readily  induced  to 
take  on,  shall  we  say,  to  revert  to,  a  saprophytic  habit 

The  terms  saprophytic  and  parasitic^  accordingly,  are  nowadays  em- 
ployed but  slenderly ;  those  of  pathogenic  and  non-paihogenic  are  in  much 
commoner  use. 


Classification  of  the  FarasUical  Mycetes, 

1 102.  That  which  perhaps  has  met  with  most  favoiu*  was  proposed 
by  Nageli  (No.  586),  namely,  into — 

(1)  The  moulds  or  hyphomycetes  ; 

(2)  The  yeasts,  sprouting  fungi,  or  blastomycetes ;  and 

(3)  The  cleft  fungi  or  schizomycetes. 

The  general  opinion  is  that  they  may  all  be  comprised  under  the 
fungi  or  mycetes.  de  Bary,  however,  does  not  include  the  bacteria 
among  the  fungi,  but  believes  that  they  are  more  nearly  related  to  them 
than  to  any  other  group.  He  prefers  to  designate  them  bacteria  rather 
than  fission-fungi.  Indeed  the  fission-fungi  have  been  variously  desig- 
nated, and  many  of  the  terms  are  still  in  common  use.  Thus  that  of 
microbe  was  given  to  them  by  S^dilot,  microzyme  by  B^champ,  microbe 
by  Pasteur,  and  in  this  country,  that  of  bacterium  is  often  applied  to 
the  group  in  a  generic  sense.  They  were  relegated  to  a  separate  class, 
the  protista,  by  HaeckeL 
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Zopf  (No.  587)  further  divides  the  schizomycetes  into  the  following 

groups  and  genera : — 

Genera. 
Streptococcas 

1.  Coceacess. — Up  to  the  present  time,  known  only  J  *' -*" 

in  the  form  of  cocci. 


2.  Haderiacea. — Have  for  the  most  part  spherical, 
rod-like,  and  filamentous  forms  ;  the  first  (cocci)  may 
be  wanting;   the  last  are  not  different  at  the  two' 
extremities ;  filaments  straight  or  spiral. 


Mensmopedia 
Sarcina. 
Micrococcus 
.Ascococcus. 

Bacterium 

Spirillum 

Vibrio 

Leuconostoc 

Bacillus 

Clostridium. 


3.  LeptotHchea. — Spherical,  rod -shaped,  and  fila-  \  Crenothrix 
mentous  forms  ;  the  last  show  a  difference  between  the  f  Beggiatoa 

two  extremities ;  filaments  straight  or  spiral ;  spore  (  Phragmidiothriz 
formation  not  known.  )  Leptothriz. 

4.  Cfiadotrichea, — Spherical,   rod -shaped,  filamen- ) 

tons,  and  spiral  forms ;  the  filamentous  form  presents  >  Cladothrix. 
pseudo-branches  ;  spore  formation  not  known.  ] 

This  classification  of  Zopf s,  however,  it  must  be  remembered,  is 
founded  upon  the  doctrine  of  pleomorphism — that  is  to  say,  on  the 
supposition  that  an  organism  may  take  on  different  forms  according  to 
its  surroundings.  Thus  the  usual  form  assumed  by  the  bacillus 
pyocyaneus  is  that  of  a  short  rod.  By  simply  modifying  the  basis 
on  which  it  grows,  however,  Charrin  (No,  641)  finds  that  it  may 
assume  successively  the  character  of  a  coccus,  a  long  thread,  or  a 
spirillum.  The  transformations  of  proteus  (Sect  1119)  are  another 
example  of  the  same.  It  should  not  be  forgotten,  however,  that  the 
possibility  of  an  organism  assuming  such  a  multiplicity  of  shapes  is 
opposed  by  some  competent  authorities. 


Their  General  Characters. 

1 103.  The  features  which  are  peculiar  to  the  fungi  as  distinguished 
from  all  other  forms  of  vegetable  life,  are  that  they  are  devoid  of 
stem  and  leaves,  and  are  composed  of  elongated  cells  or  rows  of  these 
united  in  threads.  They  possess  no  trace  of  chlorophyll,  and  on 
this  account  it  has  been  supposed  that  they  fail  to  build  up  organic 
compounds  from  unorganised  raw  material.  As  explained  under 
Nitrification,  however,  this  supposition  has  had  to  be  modified  in  view 
of  evidence  recently  acquired. 

Chemical  Actions  performed  by  them. 

1104.  The  chemical  interchanges  brought  about  by  living  or- 
ganisms are  of  two  kinds:  (1)  Synthetical,  accomplished  chiefly  by 
plants ;  (2)  Analytical,  performed  mainly  by  animals.     The  class  of 
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Mycetes,  however,  which  we  are  now  considering  is  also  largely 
analytical,  and  hence  stands  intermediate  between  the  two.  Some  of 
them  excite  fermeniationy  others  jnUref action.  The  ferments  are  almost 
alike  with  those  secreted  by  the  peptic  and  other  digestive  glands, 
and  have  the  property,  consequently,  of  peptonising  and  liquefying 
cultiwe  media  containing  gelatine.  In  a  large  proportion  of  cases  a 
poisonous  alkaloid  is  the  most  important  product,  while  in  a  certain 
number  a  poisonous  albumose  is  either  associated  with  this,  or  is  secreted 
separately.  A  few  of  them  evolve  gas  from  the  basis  on  which  they 
are  grown.  In  some  cases  a  foul-smelling  volatile  substance  is  the 
most  notable  (Bacillus  saprogenes). 

Briefly  summarised,  the  products  evolved  are  chiefly  as  follows  : — 

(1)  Gases  (carbonic  acid,    hydrogen,  light  carburetted  hydrogen, 
sulphuretted  hydrogen,  and  ammonia). 

(2)  Nitrates,  water,  and  sulphur. 

(3)  Volatile  substances  (trimethylamin,  alcohol,  formic  acid,  acetic 
acid,  propionic  acid,  butyric  acid). 

(4)  Fixed  acids  (lactic,  malic,  succinic,  oxalic,  and  tartaric). 

(5)  Taurin,  leucin,  alanin. 

(6)  Bodies  belonging  to  the  aromatic  series  (tyrosin,  phenol,  and 
kresol). 

(7)  Bodies   of   complicated   molecule   (carbohydrates,   albumoses, 
peptone,  hydrolytic  ferments). 

(8)  Colouring  matters. 

(9)  Alkaloidal  poisons  (ptomaines). 


I.  The  Moulds  or  Hyphomycetbs. 

1105.  Morphology. — They  are  composed  of  two  distinct  parts, 
the  mycelium  and  the  fruit-hearing  Oi-gans,  The  mycelium  consists  of 
a  tangled  mass  of  delicate  threads  made  up  of  elongated  jointed  ceUs. 
It  ramifies  deeply  within  the  basis  from  which  the  mould  is  growing. 
In  one  type  of  mould,  of  which  Penicillium  glaucum  is  a  good 
example,  the  fruit-bearing  organs  spring  from  aerial  stems  or  hyphx^ 
also  composed  of  rows  of  jointed  cells,  terminating  in  a  brush-like 
bunch  of  branches  known  as  hasidia.  From  these  basidia  finer  second- 
ary branches  are  given  off  known  as  sterygmata.  The  conidia,  or,  as 
they  are  called,  the  conidial  spores,  are  placed  on  the  ends  of  these 
sterygmata.  The  bluish-green  colour  which  the  surface  of  this  mould 
presents  is  due  to  the  coloration  of  the  conidia. 

In  Aspergillus  glaucus  very  much  the  same  arrangement  pre- 
vails, only  the  fruit -bearing  branches  are  not  secondarily  divided. 
The  bottle -shaped  sterygmata  are  arranged  radial -wise  in  a  single 
layer,  and  possess  only  one  large  spore,  which  is  placed  at  the  end. 

Mucor  mucedo  flourishes  on  animal  excrement,  fruit,  etc,  par- 
ticularly well  on  horse-dung.     It  is  the  cause  of  the  ordinary  white 
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growth  on  such  bodies.  It  develops  thick  white  masses  of  mycelial 
threads,  from  which  spring  the  fruit -bearing  hyphae,  conidiophores  or 
spora)igiophores.  A  button-like  extremity  (columella)  shows  in  time  at 
the  end  of  each  of  the  hyphae.  Around  it  forms  the  sporangium,  com- 
posed of  a  membrane  (epicarp)  enclosing  protoplasm.  The  protoplasm 
divides  into  spores  or  conidia,  and  these  again  are  set  free  by  rupture 
of  the  sporangium. 

Oidium  grows  in  simpler  fashion  than  these  other  moulds.  The 
o'ulium  lactis  is  the  white  mould  of  milk.  It  is  devoid  of  fruit  heads. 
The  conidia  spring  up  in  long  strings  directly  from  the  mycelium. 

Chemical  Composition.  —  Their  chief  characteristic  in  this 
respect  is  that  the  non-nitrogenous  organic  elements  (cellulose)  exceed 
the  nitrogenous.  Proteid  constituents  are  found  only  in  the  cell  con- 
tents. They  contain  sugar-like  bodies,  and  the  salts  are  composed 
chiefly  of  potassium  and  phosphoric  acid. 

Conditions  of  Growth. — They  increase  and  flourish  where 
there  is  comparatively  little  moisture.  It  is  not  so  with  the  yeasts ; 
they  require  a  plenteous  supply  of  water.  As  regards  the  inorganic 
materials  necessary  for  the  maintenance  of  the  moulds,  they  appear  to 
be  twofold,  namely,  a  salt  of  an  alkali  (potassic  phosphate)  and  of  an 
alkaline  earth  (earthy  phosphate).  Free  oxygen  is  also  necessary,  and 
the  medium  had  best  have  an  acid  reaction. 

Their  nitrogen  is  assimilated  most  readily  from  soluble  proteids 
and  peptones,  but,  contrary  to  what  was  at  one  time  supposed,  it  can 
also  be  taken  from  nitrates  and  ammonia  salts.  Their  supply  of  carbon 
is  best  obtained  from  easily-split-up  carbohydrates  such  as  sugar ;  the 
sulphur  from  sulphates  and  sulphites.  Several  culture  media  suited 
for  their  growth,  such  as  Pasteur's  and  Cohn's  fluids  (vol.  i.  p.  11 3), 
have  been  prepared  by  combining  the  constituents  necessary  for  their 
uouriflhment  synthetically. 

Cultures  of  moulds  diffbr  from  those  of  bacteria  in  the  fact  that 
they  tend  to  become  inextricably  mingled.  The  mycelium  of  the  one 
becomes  intertwined  >vith  that  of  the  other.  An  impure  growth, 
moreover,  is  less  easily  detected  than  in  the  case  of  bacteria,  from  the 
fact  that  two  or  more  may  be  growing  together  without  loss  of 
homogeneity.  Cultures  of  trichophyton  tonsurans,  for  instance,  are 
almost  always  impure. 

According  to  Sabouraud  (No.  423,  vii.  1893,  p.  516),  those 
which  are  parasitical  can  best  be  isolated  pure  by  the  use  of  must  of 
beer.  They  grow  readily  upon  this,  but  the  parasitical  cryptograms 
do  not.  So  soon  as  the  culture  has  reached  maturity  upon  this  it 
should  be  transferred  to  the  surface  of  potato.  Tiiis  medium,  like  a 
gelatine  surface,  has  the  property  of  isolating  the  one  organism  from 
the  other,  so  that  after  a  few  successive  transferences  a  mould  like  the 
trichophyton  can  be  obtained  perfectly  pure. 

Mould  colonies  growing  on  a  gelatine  surface  side  by  side  with 
yeasts,  sarcinse,  bacteria,  etc.,  can  be  readily  distinguished  by  the  radial 
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manner  in  which  the  mycelium  spreads  out  from  a  common  centre, 
and  by  the  rapidity  with  which  they  overspread  the  medium.  A 
needle  track  upon  the  surface  soon  begins  to  throw  out  branches 
which  give  to  the  margin  of  the  growth  a  characteristically  fringed 
appearance  (Fig.  503). 

Question  of  Saprophytic  Moulds  becoming  Parasitic— 
Besides  those  which  lead  mainly  a  parasitic  existence  in  the  skin 
(see  Skin  Diseases),  there  are  others  which,  as  a  rule,  are  saprophytes, 
but  which  may  also  occasionally  become  parasitical  These  are 
generally  held  to  be  Aspergillus  fumigatus,  Aspergillus  flavescens, 
Mucor  rhizopodiformis,  and  Mucor  corymbifer.  Among  the  common 
moulds  which  are  not  usually  parasitic  may  be  mentioned  Penicillium 
glaucum,  Aspergillus  glaucus,  Aspergillus  niger,  Mucor  mucedo,  Mucor 
stolonifer. 

A  pneumomycosis  aspergillina  has  been  described  by  various  ob- 
servers, such  as  Virchow,  Friedreich,  Pagenstecher,  and  Fiirbinger  (see 
Bibliog.).  Aspergillus  has  also  been  found  growing  within  the  ear 
(Bezold)  and  upon  the  cornea  (Leber).  In  the  most  of  these  cases 
aspergillus  fumigatus  has  been  the  species ;  but  A.  flavescens  or  a  black 
aspergillus  has  also  been  met  with  in  the  ear.  The  latter  of  these  two 
has  also  been  detected  in  the  lung.  The  moulds  in  question  lead  not 
only  a  saprophytic  existence,  but  also  one  which  is  parasitic  upon  the 
animal  body.  They  are  found  in  the  blood-vessels  of  various  organs, 
and,  in  the  kidney,  block  up  the  capillaries  of  the  glomeruli. 

Lindt  (No.  104,  xxi.  1886,  p.  269)  has  discovered  that  two  species  of  mucor  may 
also  become  parasitic,  and  fructify  within  the  blood-vessels.  He  calls  them  Macor 
pusillus  and  Mucor  ramosus.  Sehiitz  (No.  44,  ii.  1884,  p.  208)  found  that  the 
inhalation  of  aspergillus  spores  induced  a  pneumomycosis  aspergillina.  Grohe  (No.  43, 
vii.  1870,  p.  8)  has  induced  a  fatal  disease  by  injecting  mould  spores  into  the  circulation. 
Grawitz,  however  (No.  13,  Ixx.  1877,  p.  546),  obtained  results  at  variance  with  these 
in  the  fact  that,  after  as  many  as  two  hundred  experiments,  made  by  injecting  spores 
of  Aspergillus  glaucus,  Penicillium  glaucum,  Mucor  mucedo  and  stolonifer,  and  other 
moulds  into  the  blood-vessels,  subcutaneous  tissues,  etc.,  in  not  a  single  case  conld 
he  say  that  he  had  excited  anything  like  a  diseased  condition  by  the  procedure.  It 
is  possible  that  the  quantity  injected  may  have  been  too  small.  He  says  that  the 
spores  are  partly  destroyed  in  the  circulating  blood,  partly  eliminated  by  the 
kidneys. 

Leber  (No.  647)  has  shown  that  aspergillus  and  penicillium  when  inoculated  on 
the  cornea  may  grow  and  spread  from  the  original  focus.  Tliey  may  be  the  cause  of 
inflammation  of  its  structure. 

Literature  <m  Mould  Funffi — Saprophytic  Moulds  <w  Parasites. — Bezold:  Ueber 
Otomycosis,  1881.  Bristowe  (in  a  Cavity) :  Trans.  Path.  Soc.,  v.  185364,  p.  3^. 
Cohmieim  :  Arch.  f.  path.  Anat.,  xxxiii.  1865,  p.  157.  Delaine  :  Tr.  VII.  Internat. 
Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  107.  v.  Dusch  and  Fag:eiistedier :  Arch.  f. 
path.  Anat.,  xi.  1856,  p.  561.  Fnedreich :  Arch.  f.  path.  Anat,  x.  1856,  p.  510. 
Fiirbinger:  Arch.  f.  path.  Anat.,  Ixvi.  1876,  p.  330.  Heimer:  Ueb.  Pneumono- 
mycosis  Sarciniea,  1877.  Israel :  Centralbl.  f.  d.  med.  Wissensch.,  xxiv.  1886, 
p.  306.  Leber  (on  Cornea) :  Arch.  f.  Ophthal.,  xxv.  2  Heft,  p.  285  ;  also,  Berl.  klin. 
Wochnschr.,  xi.  1882,  p.  160.     Manson  (Tinea  Imbricata) :  Brit  J.  DemiAtol.,  iv. 
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1892,  p.  5.  Nauwerck  (Pneumonomycosis  and  Pharyiigomycosis  sarcinica) :  Cor.  Bl. 
f.  schweiz.  Aerzte,  xi.  1881,  p.  225.  Paltauf :  Arch.  f.  path.  Anat,  cii.  1885,  p.  543. 
Rother  (Pneumomycosis  AspergiUina) :  Charity  Ann.,  iv.  1877,  p.  272.  Schutz : 
Mitth.  a.  d.  k.  Gesundheitsamte,  ii.  1884,  p.  208.  Stieda  (Pneumomycosis  Aspergil- 
lina):  Arch.  f.  path.  Anat,  xxxvi.  1866,  p.  279.  Virchow :  Arch.  f.  path.  Anat., 
ix.  1856,  p.  557. 

IL  The  Yeasts,  Sprouting  Fungi,  or  Blastomycetes. 

1106.  These  consist  of  round  or  ovoid  cells  of  various  sizes,  com- 
posed of  a  mass  of  protoplasm  enclosed  in  a  capsule.  The  cell  proto- 
plasm is  granular  and  often  vacuolated  (Fig.  572).  Increase  in 
number  takes  place  by  budding  or  gemmation  and  abstriction.  A 
little  bud  forms  on  one  side  of  the  parent  cell.  This  increases  in  bulk, 
and  becoming  constricted  at  its  point 
of  attachment,  finally  separates. 

Although  this  is  the  usual  mode 
of  reproduction,  it  has  been  shown 
by  Rees  and  Hansen  that  yeasts  may 
develop  spores.  At  other  times  a 
long  unsegmented  filament  may  show 
itself,  and  even,  it  is  said,  a  chain  or 
budding  mycelium.  A  dilute  cul- 
ture basis  favours  the  formation 
of   filaments,   a  culture  liquid  rich  _ 

in  sugar  predisposes  to  division  by        ^^^  572.-Tobula  cerevisixe  (Beer 
budding.  Yeastx 

Composition. According    to   The  clear  spaces  in  the  centres  of  some  of  tlie 

M'Fadvean  (No.  161,  1889,  p.  485),  yeast  particles  are  vacuoles  (^  homog.  imm. 
^,  ^    •       on-  X         n    1  Crouch,  Hartk.,  Oc.  No.  3;  stained  with 

they  contain  37  per  cent  cellulose      gentian-vioict). 
and  47  per  cent  proteid  matter.    As 

regards  relative  quantity,  these  two  constituents  are  in  inverse  pro- 
portion as  compared  with  the  moulds  (50  per  cent  cellulose  and  29  per 
cent  proteid).  They  also  contain  relatively  more  phosphoric  acid. 
The  amount  of  water  comes  up  to  from  40  to  80  per  cent.  A  peculiar 
proteid  substance  common  to  the  yeasts  and  the  schizomycetes  enters 
pretty  largely  into  their  composition.  It  is  known  as  mycoprotein 
(Nencki — see  p.  965). 

Nourishment. — The  conditions  of  nitro-assimilation  are  much  the 
same  as  in  the  case  of  the  moulds.  They  undergo  degeneration  after 
a  time  if  nourished  solely  upon  ammonia  salts.  Nitrates  are  not 
reduced  by  them.  They  derive  their  carbon  from  the  same  sources  as 
the  moulds;  sugar-like  carbohydrates  are  most  suitable.  Some  of 
them  require  special  carbon  compounds,  as,  for  instance,  alcohol  in  the 
case  of  the  mycoderma  vini.  The  mineral  foods  are  potassium  and 
calciiun  in  combination  with  phosphoric  acid. 

Conditions  of  Growth. — They  can  grow  without  the  presence 
of  free  oxygen  if  a  fermentable  body  be  present.     Excess  of  alkalinity 
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or  of  acidity  hinders  their  growth.  The  best  range  of  temperature  is 
from  10°  to  40^  C,  the  optimum  temperature  is  from  25°  to  30°  C. 
Their  growth  is  so  vigorous  that  they  will  starve  and  outgrow  any 
bacteria  living  on  the  same  culture  basis  provided  they  are  permitted 
to  exercise  their  fermenting  function. 

Fermenting  Function. — The  yeasts  are  the  active  agents  in 
alcoholic  fermentation.  This  function  appears  to  be  something  apart 
from  that  of  the  ordinary  metabolism  which  goes  on  within  them. 
As  the  organism  continues  to  multiply  in  a  solution  of  grape  sugar, 
alcohol,  carbonic  acid,  and  many  by-products  are  developed. 

Those  yeasts  which  split  up  the  sugar  molecule  are  called  .'iorrhn- 
roTni/cfs  (jjLVKTjSy  a  fungus).  Of  these  the  more  important  are  (1)8. 
c^rensue  (tonila  cerevisiae),  the  ordinary  beer  fungus  ;  (2)  S.  rini,  that 
of  grape  juice  ;  (3)  S.  iHtstoriannSy  that  of  cider.  Hansen  has  isolated 
several  others. 


III.  The  Cleft-fungi  or  Schizomycetes. 

1107.  The  characteristic  and  distinctive  feature  of  this  group  of 
bodies  is  that  of  their  reproducing  themselves  by  cleavage.  They  may 
at  times,  and  most  of  them  do,  reproduce  themselves  by  spores,  but 
this  method  is  uncertain. 

Nomenclature. — When  the  body  in  question  is  about  1  /*  in 
length,  it  is  usually  known  as  a  microbacterium  {^aKTripiovy  a  rod), 
and  if  it  is  round  or  rounded  in  form,  the  term  coccus  {k6kkq%  a 
kernel)  is  applied  to  it  Should  the  organism  be  elongated,  and  should 
the  length  be  about  double  the  breadth,  it  is  termed  a  bacillus  (bacillus, 
a  small  stick,  from  bacnlus).  Sometimes  a  rod  may  contain  a  spore 
at  its  centre.  The  centre  of  the  rod  consequently  is  swollen,  so  that 
the  organism  assumes  a  spindle  or  lemon  shape.  To  this  form  the 
term  Clostridium  is  applied.  Long  unjointed  threads  are  known  as 
leptothrix.  When  these  long  threads  branch,  and  when  the  branching 
is  caused  by  an  axial  splitting  of  the  terminal  cell,  cladothrix  is  the 
term  used.  The  term  spirillum  is  applied  generically  to  curved  rods 
or  filaments,  rigid  or  flexible,  and  developing  by  endogenous  sporesw 
A  long  thread  thrown  into  gentle  undulations,  and  with  sinuous  move- 
ments, is  known  as  vibrio.  If  the  curves  are  slight  and  the  thread 
very  thin  with  rotatory  movement,  the  organism  is  generally  known 
as  spirochaeta.  When  splitting  occurs  in  two  directions,  so  that  a 
group  of  four  members  or  tetrads  results,  the  term  merismopedia  is 
applied  to  the  group,  but  when  the  splitting  occurs  in  three  directions, 
and  packets  of  eight  or  more  members  are  formed,  that  of  sarcina  or 
"  wool-pack  form."  Colonies  are  sometimes  held  together  by  a  httle 
cementing  substance ;  they  are  known  as  zooglcea. 

Structure. — Speaking  generally,  the  schizomycetes  are  composed 
of  proteid  matter  enclosed  in  a  membrane.     This  enclosed  proteid  is 
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sometimes  called  the  protoplasm.  Outside,  there  is  a  limiting  capsule 
or  sheath.  It  is  the  protoplasm  which  stains  with  aniline  dyes. 
Between  the  sheath  and  the  protoplasm,  in  stained  preparations,  there 
shows  a  clear  area.  It  appears  to  be  occasionally  the  effect  of  reagents, 
at  other  times  to  be  a  layer  of  protoplasm  different  from  that  in  the 
interior.  Outside  the  sheath,  again,  there  is  often  a  gelatinous  glia. 
In  capsule  cocci  this  is  largely  developed,  and  in  leuconostoc  so  prolific 
is  it  that  it  confers  upon  the  colony  a  frog's-spawn-like  gelatinous  con- 
sistence. Such  a  glia  also  serves  to  bind  aggregations  of  cocci  into  the 
so-called  zoog^loea  masses.  The  membrane  in  sarcina  ventriculi  has 
the  qualities  of  a  typical  plant  cellulose.  It  is  firm  and  thin,  and  gives 
a  violet  reaction  when  treated  with  Schulze's  solution.  ^ 

The  species  Beggiatoa  (allied  to  Crenothrix  and  Cladothrix)  is  said  to  have  the 
power  of  reducing  sulphates  contained  in  water,  and  of  setting  free  the  sulphur  and 
sulphuretted  hydrogen.  Sulphur  grains,  accordingly,  are  deposited  in  the  protoplasm. 
Iron  is  also  precipitated  by  the  sulphuretted  hydrogen,  hence  the  organism  may  be 
blackened. 

The  substance  of  bacteria  resembles  that  of  other  cells  in  composi- 
tion. It  is  made  up  of  albuminoid  compounds  such  as  mycopi'otein. 
Mycoprotein  or  fungus-protein  is  an  albuminoid  substance  described 
by  Nencki  (No.  626,  xx.  p.  443 ;  alsOj  No.  627,  p.  35),  which  enters 
largely  into  the  composition  of  their  membranes  and  protoplasm. 
Their  limiting  membrane  is  said  also  to  contain  fat. 

The  amoimt  of  cellulose  which  enters  into  their  structure  is  even 
lower  than  in  the  case  of  the  yeasts.  The  ash  has  probably  the  same 
composition  as  that  of  the  yeasts. 

Nourishment. — It  used  to  be  supposed  that,  as  the  fungi  are 
achlorophyllous,  they  are  incapable  of  building  up  their  structure  from 
elements  contained  in  other  than  organised  substances.  It  was  held 
that  they  could  not  abstract  their  carbon  from  carbonic  acid  nor  their 
nitrogen  from  ammonia  or  the  nitrogen  of  the  atmosphere.  They  were 
held  to  break  up  dead  organic  substances  of  a  vegetable  or  animal 
nature,  and  to  reduce  them  to  simpler  compounds.  There  was  thus 
drawn  a  sharp  line  of  demarcation  between  them  and  the  algae,  bodies 
which  contain  chlorophyll.  And,  although  they  certainly  do  assimilate 
their  nitrogen  best  from  albuminous  matters  and  their  carbon  say  from 
the  easily-broken-up  carbohydrates,  yet  such  a  hard-and-fast  line  of 
separation  as  that  formerly  suggested  cannot  now  be  entertained  in 
view  of  recently-acquired  knowledge. 

Thus  Pasteur  has  shown  that  torulse  are  able  to  assimilate  C.  and 
N.  from  some  inorganic  bodies  such  as  ammonia  salts,  and  Hueppe 

*  Zinc  is  dissolved  in  hydrochloric  acid,  and  the  solution  allowed  to  evaporate  in 
contact  with  metallic  zinc  until  it  assumes  a  syrupy  consistence.  The  syrup  is  then 
saturated  with  potassic  iodide,  iodine  is  added,  and  the  solution  when  necessary  is 
diluted  with  water. 
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(No.  639)  has  demonstrated  that  a  bacterium  without  chlorophyll  can 
acquire  its  C.  from  carbonic  acid,  or  even  from  carbolic  and  salicylic 
acids  when  dilute.  Some  of  them,  moreover,  can  reduce  nitrates,  and 
others  oxidise  ammonia  to  nitric  acid  (Heraeus).  The  same  organism 
is  said  (Hueppe)  to  possess  sometimes  both  reducing  and  oxidising 
properties. 

Microbes,  apparently,  can  adapt  themselves  in  a  wonderful  manner 
to  circumstances.  They  can  abstract  their  nourishment  when  com- 
pelled to  do  so  from  unorganised  substanees,  and  they  can  turn  out 
products  varying  in  composition  according  to  the  character  of  the  ex- 
traneous conditions.  Wherever,  moreover,  they  secrete  a  ferment 
their  powers  of  assimilation  are  much  enhanced. 

A  still  more  remarkable  property  possessed  by  certain  of  them 
is  that  of  taking  up  free  nitrogen  from  the  atmosphere.  An  account 
of  the  facts  bearing  upon  this  is  given  under  Nitrification. 

As  Frankland  remarks  (No.  636,  xlvi.  1892,  p.  138),  there  is  a 
discriminativeness  in  the  manner  in  which  bacteria  attack  a  particular 
culture  basis  which  is  difficidt  to  understand.  Thus  mannite  and 
dulcite  closely  resemble  each  other  in  physical  properties,  and  as  far 
as  ascertained  their  chemical  composition  is  identical  Yet  ordinary 
yeast  refuses  to  attack  either  of  them.  Some  organisms  attack  the 
one  or  other,  while  others  attack  both. 

Certain  of  the  cleft-fungi  require  a  free  supply  of  oxygen ;  they 
are  called  aerobes.  Others  fail  to  grow  where  oxygen  is  present, 
and  are  known  as  anaerobes.  While  some  lead  both  an  aerobic  and 
an  anaerobic  existence.  Liborius  (No.  366,  i.)  divides  them  con- 
sequently into  three  groups,  namely — 

1.  Obligatory  anaerobes,  which  reach  their  optimum  growth  only 
in  absence  of  free  oxygen,  e,g,  Bac.  butyricus  and  the  Bac.  of  malignant 
oedema. 

2.  Facultative  anaerobes,  which  grow  best  with  free  oxygen,  but 
continue  to  live  and  multiply  in  absence  of  it  Such  are  many  patho- 
logical microbes,  as,  for  instance,  Koch's  comma  bacillus. 

3.  Obligatory  aerobes,  which  do  not  grow  in  absence  of  oxygen, 
such  as  Bac.  subtilis. 

Some  of  these  are  parasitic,  some  saprophytic.  A  third  contingent 
is  both  parasitic  and  saprophytic 

Albumin  seems  to  be  the  material  upon  which  the  group  of  Schizo- 
mycetes  lives  and  flourishes  best,  either  in  its  raw  state,  as  in  white 
of  egg,  or,  what  is  more  suitable,  in  the  form  of  peptone.  The  culture 
media  most  in  use  at  the  present  day  are  largely  composed  of  peptone. 
The  necessary  salts  are  superadded. 

The  addition  of  a  small  quantity  of  glycerine^  as  discovered  by 
Roux,  has  a  remarkable  effect  in  facilitating  the  growth  of  some 
varieties.  The  tubercle  bacillus,  for  instance,  fails  to  grow  on  ordinary 
agar-peptone,  but  the  addition  of  from  5  to  6  per  cent  of  glycerine 
converts  the  medium  into  one  excellently  suited  for  the  purpose. 


CHAP.  XCTii      THE  CLEFT'FUNGI  OR  SGHIZOMYCETES  967 


Their  Reproduction. 

1108.  As  before  stated,  all  the  schizomycetes  reproduce  by  fission. 
The  majority  of  them  also  multiply  by  sporing.  The  determining  cause 
of  the  one  or  the  other  method  appears  to  be  the  richness  or  poorness 
of  the  soil  upon  which  they  are  grown.  If  particularly  rich,  then  they 
multiply  almost  exclusively  by  fission ;  if  poor,  it  may  be  that  they 
increase  to  some  extent  by  fission,  but  more  so  by  sporing.  Anthrax, 
for  instance,  growing  upon  the  rich  albuminous  basis  afforded  by  the 
living  blood  reproduces  itself  exclusively  by  fission.  Sown  on  potato, 
however,  which  affords  a  less  nutritive  pabulum,  it  increases  mostly 
by  formation  of  spores. 

Reproduction  by  Fission. — When  a  rod-shaped  organism  has 
reached  its  extreme  length  a  partition  appears  in  the  centre.  This 
assumes  a  homogeneous  or  gelatinous  character  and  a  line  of  cleavage 
shows  itself  in  the  midst  of  the  partition.  A  complete  separation  into 
two  new  organisms  follows.  In  the  case  of  a  roimd  organism,  such  as 
a  coccus,  elongation  takes  place  so  that  the  body  becomes  ellipsoidal 
in  shape,  or  may  for  the  time  being  assume  the  character  of  a  short 
cylinder  with  round  extremities.  A  constriction  shows  itself  at  the 
middle,  which  deepens  and  finally  separates  the  single  body  into  two 
individuals.  The  resulting  parts  are  sometimes  unsymmetrical. 
Division  of  cocci  sometimes  takes  place  in  two  directions  (micrococcus 
tetragenus),  the  tetrads  being  held  together  by  a  little  cementing  sub- 
stance. In  sarcina  the  division  follows  three  directions,  the  result 
being  a  cube  of  sixteen  members. 

Reproduction  by  Spores. — By  a  spore  is  meant  a  body  which 
can  develop  into  a  series  of  new  generation  forms.  A  coccus  is  not 
a  spore,  because  it  invariably  remains  as  a  coccus ;  it  does  not  proceed 
to  anything  further.  The  spore  is  always  the  commencement  of  the 
series. 

They  are  of  two  kinds,  endogenous  spores  and  arthrospores  (de  Bary,  No. 
589,  p.  22).  Endogenous  spores  are  developed  within  parent  cells.  A  little  clear 
point,  say  in  the  case  of  anthrax,  appears  in  the  protoplasm  of  the  parent  cell.  This 
becomes  more  defined,  and  a  capsule  forms  round  about  it  It  is  supposed  by  Koch 
that  the  spore  of  anthrax  is  constituted  of  a  fat  droplet  surrounded  by  a  protoplasmic 
envelope  and  by  a  resistant  membrane.  The  fat  droplet  confers  powers  of  resistance 
and  serves  for  nutiition  during  germination.  It  renders  the  spore  highly  refractile. 
The  membrane  is  sometimes  double.  The  protoplasm  of  the  cell  disappears,  being 
consumed  probably  for  the  benefit  of  the  spore.  It  seems  likely  that  only  one  spore 
forms  in  each  member,  say  in  a  chain  of  anthrax  segments.  The  thinness  of  the 
partitions  between  the  segments,  or  their  disappearance,  makes  it  appear  sometimes 
as  if  there  were  continuous  chaplets  of  spores.  The  spores  are  ultimately  set  free  by 
the  gelatinising  of  the  septa. 

Arthrosix>res  are  formed  in  the  following  manner : — One  of  the  best  examples, 
and  the  one  which  is  generally  quoted,  is  at  the  instance  of  Leuconostoc,  the  frog- 
spawn-like  fungus  which  grows  on  the  side  of  sugar  vats  in  sugar  factories.     So 
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rapidly  does  it  develop  that,  in  a  single  night,  it  may  spread  through  and  destroy 
an  entire  vat  of  sugar. 

Examined  microscopically,  it  is  found  to  be  composed  of  colonies  of  gelatinous 
capsules  of  great  size.  Within  the  gelatinous  substance  is  a  chain  of  small  round 
cells  or  coccus-like  bodies.  At  intervals  along  the  chain  individual  members  enlarge 
from  time  to  time  and  become  more  prominent  than  those  adjacent,  lliese  are  the 
arthrospores.  By  deliquescence  of  the  gelatinous  envelope  they  are  set  free,  and, 
soon  after,  a  gelatinous  covering  again  begins  to  develop  around  them.  This  goes  on 
increasing  in  dimensions.  At  the  same  time,  the  spore  in  the  interior  divides,  while 
the  new  cells  arrange  themselves  linearly  as  before  and  repeat  the  arthrospore 
method  of  enlargement. 

The  occurrence  of  endogenous  formation  of  ordinary  spores  vrithin  the  cholera 
bacillus  has  been  denied.  The  bodies  which  were  taken  for  spores  seem  to  have 
been  merely  vacuoles.  The  formation  of  arthrospores  in  chains  has  been  described, 
however,  by  Hueppe,  and  his  observations  have  in  a  manner  been  confirmed  by 
Babes  and  Neisser. 

When  an  organism  propagates  by  sporing  it  is  always  more  re- 
sistant to  time  and  extraneous  influences  than  when  it  increases  merely 
by  fission.  The  spores  can  generally  be  dried  and  yet  retain  their 
virulence.  Hence  the  danger  of  the  disease  engendered  by  the 
organism  being  transmitted  is  enhanced. 


Influence  of  Tempeiuture, 

1109.  Asa  rule  the  growth  of  the  cleft-fungi  is  facilitated  by  a 
temperature  higher  than  that  necessary  for  the  moulds  and  yeasts. 
Many  of  them  grow  at  an  ordinary  summer  temperature  (anthrax, 
cholera  spirillum) ;  others  make  satisfactory  progress  only  when  it 
comes  up  to  the  range  of  that  of  the  animal  body.  The  temperature 
of  boiling  water  is  usually  rapidly  fatal  to  most  of  the  pathogenic 
schizomycetes,  and  probably  to  all  if  continued  sufficiently  long. 
Some  of  them,  however,  e.g,  bacillus  subtilis,  withstand  it  for  long. 
It  is  in  the  spore  stage  that  they  present  this  resistance.  The  bacilli 
are  more  readily  destroyed. 


Influence  of  the  lieadion  of  tlie  Culture  Medium. 

1110.  Excess  of  acidity  or  of  alkalinity  is  injurious.  Most  of 
them  thrive  best  on  a  medium  which  is  carefully  neutralised  or  inclines 
to  the  alkaline  side.  Bacillus  butyincus,  however,  can  grow  in  an  acid 
medium,  and  micrococ/:us  urem  in  one  which  is  very  alkaline.  Some 
growing  in  an  acid  medium  to  begin  with,  change  it  to  alkaline  and 
subsequently  flourish ;  others  commencing  in  an  alkaline  medium, 
change  it  to  acid  and  proceed  to  develop  still  further.  Or,  beginning 
with  one  which  is  neutral  or  faintly  alkaline,  the  organism  may  flourish 
until  it  becomes  acid ;  as  this  takes  place  growth  ceases. 
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Poivers  of  Movement, 

1111.  A  large  number  of  the  pathogenic  schizomycetes  are  motile. 
The  motility  is  quite  different  from  the  Brownian  movement  seen  in 
any  finely-divided  particles  suspended  in  a  liquid ;  it  is  usually  pro- 
gressive, and  would  almost  seem  to  be  purposive  in  character.  In 
certain  cases  it  is  of  a  dancing  character,  in  others  it  is  wriggling  or 
screw-like. 

When  any  true  vital  movement  is  perceived  it  may  be  concluded 
pretty  generally  that  the  organism  is  provided  with  motile  organs  in 
the  shape  of  cilia  or  fiagella.  It  is  by  the  lashing  of  these  that  loco- 
motion is  effected.  In  some,  however,  they  are  apparently  absent  (de 
Bary).  The  cilia  not  only  set  up  movements  which  subserve  purposes 
of  locomotion,  they  also  excite  currents  which  attract  food  particles, 
etc.  It  is  only  those  individuals  having  an  aflSnity  for  oxygen  which 
are  endowed  with  such  powers  of  movement  When  they  come  to 
the  surface,  and  their  hunger  for  oxygen  is  satiated,  they  cease  to  be 
motile  apparently  by  losing  their  cilia. 

Staining^  of  Cilia. — This  is  a  matter  of  great  diflSculty  and  of 
considerable  importance  ;  the  cilia  cannot  well  be  seen  in  the  unstained 
condition. 

Loeffler*8  method  i%  as  follows :  Sow  the  organism  to  be  stained  on  g^lose  ^  and 
place  in  the  culture  chamber.  Mix  a  small  particle  of  the  culture  with  a  drop  of 
water  on  a  cover-slip.  A  series  of  further  dilutions  is  made  \x\ion  other  cover-slips. 
These  are  dried  in  air  free  from  dust.  Fix  by  passing  over  a  naked  flame  and 
proceed  to  colour. 

This  implies  two  processes  :  (1)  the  application  of  a  mordant,  and  (2)  the  staining. 

The  mordant  consists  of 

Aqueous  solution  of  tannin  (20  grms.  tannin  to  80  c.c.  water)        .     10  c.o. 

,,  ,,         ferric  sulphate  saturated  in  the  cold        .        .       6  c.c. 

Saturated  solution  of  fuchsin  in  absoUite  alcohol    .        .        .        .       1  c.c. 

The  colouring  solution  is  composed  of  saturated  solution  of  fuchsin  in  aniline 
water,  to  which  are  added  a  few  drops  of  soda  (1-1000),  just  till  opalescence  com- 
mences. 

The  mordant  is  applied  by  i)ouring  a  drop  of  the  solution  on  a  cover-slip  held  in 
the  forceps,  and  heating  slowly  over  a  small  flame  for  half  to  one  minute.  It  is  not 
necessary  to  wait  for  the  drop  of  liquid  boiling ;  the  heating  is  sufficient  when  it 
begins  to  emit  vapour.     Wash  in  distilled  water  and  in  absolute  alcohol. 

Stain  by  placing  a  drop  of  alkalised  staining  solution  upon  it  and  heating  care- 
fully for  a  minute.     Wash  in  distilled  water.     Leave  to  dry  and  mount  in  balsam. 

This,  however,  is  not  everything.  According  to  the  si)ecies  of  bacterium,  it  is 
necessary  to  modify  the  reaction  of  the  mordant  by  adding  an  alkali  (soda  to  1  per 
cent)  or  an  acid  (sulphuric  acid  1*225  per  cent).  The  number  of  drops  of  either 
solution  requires  to  be  apportioned  for  each  microbe.  The  diverse  vibrios,  the  bac. 
pyocyaneus,  and  many  varieties  of  spirillum  require  the  addition  of  acid  ;  and  typhoid, 

*  The  term  gt'lose  is  often  applied  to  the  agar  medium. 
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b.  subtilis,  and  the  b.  of  malignant  oedema  and  symptomatic  charbon,  micrococcus 
agilis,  etc.,  require  the  medium  to  be  alkalised. 

Nicolle  and  Marax  (No.  423,  vii.  1893,  p.  564)  have  modified  this  process  as 
follows.  They  claim  that  thereby  the  staining  of  the  cilia  is  rendered  surer  and  that 
the  application  of  the  method  is  simplified  :  Mix  a  small  particle  of  the  microbe  from 
a  g^lose  culture  with  a  watch-glassful  of  distilled  water.  Transfer  this  to  coyer-slip& 
The  cover-slips  should  have  been  passed  several  times  previously  through  the  Bunsen 
flame  and  allowed  to  cool.  If  this  is  not  done  the  liquid  gathers  in  isolated  drops. 
Allow  the  excess  of  liquid  to  run  off  and  dry  under  cover.  Place  a  large  drop  of  the 
mordant  solution  on  the  cover-slip,  heat  for  twelve  seconds  or  so  over  a  small  flame. 
When  vapour  appears,  discharge  the  extra  solution  and  wash  gently  in  a  stream 
from  a  wash- bottle.  Kepeat  this  process  several  times.  Colour  by  placing  a  drop 
of  Ziehl's  solution  of  fuchsin  (voL  i.  p.  136)  on  the  cover-slip  and  heating  once  or 
twice  for  a  quarter  of  a  minute.  Wash  in  water  and  examine  in  it.  If  the  staining 
has  succeeded,  dry  the  cover-slip  and  mount  in  xylol  balsam. 

One  cause  of  failure  in  staining  cilia  is  the  presence  of  glutinous  substances  in  the 
culture.     These  can  be  removed  in  great  part  by  copious  dilution  with  water. 

Van  Ermengem^s  process^  which  is  highly  to  be  commended,  is  as 
follows : — 

(1)  There  must  be  absolute  cleanliness  of  the  cover-glasses.  To  obtain  this,  boil  in 
the  following  solution  : — 

Potassii  bichrom.     .  .  .  .60  grammes 

Acid,  sulphuric,  concentrated         .  .        60      ,, 

Water  .....     1000      „ 

Wash  several  times  in  water,  then  in  absolute  alcohol,  and  allow  to  dry  in  the 
vertical  position  under  a  bell  jar  icitJurtU  vriping, 

(2)  To  obtain  good  preparations  the  culture  must  be  fresh.  An  agar  culture  of 
10-18  hours  is  best.  In  making  the  cover-glass  pre^Miration  dilute  well,  so  that 
little  organic  matter  is  present. 

(3)  The  fixing  bath  which  gives  the  best  results  consists  of 

Osmic  acid  (2  per  cent  solution)    .  .  .     1  pt. 

Tannin  (solution  of  10  to  26  per  cent)      .  .     2  pts. 

To  every  100  c.c.  of  tannin  solution  add  4  to  5  drops  of  glacial  acetic  acid.  This 
forms  a  sort  of  ink.  Put  a  drop  on  the  cover-glass  and  leave  half  an  hour  in  the 
cold.     If  heated  to  50'*-60'*  C,  five  minutes  is  enough. 

(4)  ITie  preparations,  after  having  been  washed  very  carefully  in  water  and  in 
alcohol,  are  plunged  for  Skfew  seconds  in  a  bath  of  nitrate  of  silver  of  from  0*6  per  cent 
to  0*26  per  cent 

(5)  Next,  without  vxishingf  they  are  passed  into  a  reducing  bath,  viz. — 

Pyrogallic  acid      ....  5  grammes 

Tannin      .            .            .            .            .  3      ,, 

Acetate  of  soda  (melted)    .             .             .  10      „ 

Distilled  water      ....  350      ,, 

After  a  few  seconds*  constant  shaking  of  the  bath,  replace  in  the  silver  bath. 

It  is  necessaiy  to  stop  the  operation  when  the  silver  bath  commences  to  become 
black. 

Then  wash  in  abundance  of  water,  dry  gently  between  blotting  paper,  and  mount 
in  balsam. 


CHAP,  xciii  CILIA  AND  DIAGNOSIS  971 


Modification  of  Fan  Ermengem^s  Method  by  JFUgerodt. 

A  fresh  culture  of  the  orgauism  to  be  stained  is  diluted  to  a  weak  turbid  fluid 
with  water,  in  doing  which,  introduction  of  any  of  the  medium  must  be  carefully 
avoided.  The  cover-glasses  to  be  used  are  cleaned  with  ammonia,  then  with  pure 
alcohol,  and  wiped  with  a  linen  cloth,  and  the  surface  to  be  used  is  heated  over  a 
Bunsen  burner  after  removal  of  any  linen  fibres  with  a  camel's  hair  pencil.  The 
fluid  is  spread  with  a  short  platinum  (3se  of  about  }  mm.  diameter,  so  that  it  becomes 
well  distributed.  Then  follow  drying  of  the  fluid,  and  placing  of  the  cover-glass  for 
one  to  twenty-four  hours  in  the  following  mordant : — 

I. 

1  part  2  per  cent  osmic  acid  solution, 

2  parts  20  per  cent  tannin  solution. 

After  careful  washing  in  distilled  water  and  absolute  alcohol  the  preparations  are 
placed  for  ten  to  twenty  minutes  in  10  per  cent  nitrate  of  silver  solution,  are  removed 
singly  and  washed  for  about  five  seconds  with  distilled  water,  and  are  then  laid  for 
ten  to  twenty  minutes  in  the  following  solution  : — 

II. 

PyrogaUic  acid              ....  6  grammes 

Tannin              .            .            .            .            .  3      „ 

Acetate  of  soda  (water  free)      .            .            .  10      „ 

Aq.  destill.        .            .            .             .            .  350      „ 

After  again  washing  with  distilled  water,  the  preparations  are  introduced  singly  into 
a  watch-glass  containing  0-3-0 '4  per  cent  nitrate  of  silver  solution.  They  are  left  in 
this  two  to  three  minutes,  and  during  active  movement  of  the  fluid  in  the  watch- 
glass,  a  solution  made  by  diluting  Solution  II.  with  10  parts  of  water  is  allowed  to 
run  from  a  pipette  into  the  watch-glass.  After  the  fluid  has  become  much  dark- 
ened, the  preparation  is  taken  out  and  washed  quickly  and  carefully  with  distilled 
water.  The  quickness  with  which  the  fluid  is  allowed  to  run  out  from  the  pipette 
and  the  moment  of  removal  are  important  for  success. 

Sdavo  (No.  423,  vii.  1893,  p.  220)  adopts  the  following: — 

Ho  mordants  the  preparation  for  a  minute  at  first  with  a  bath  containing 
1  grm.  tannin  in  100  c.c.  alcohol  at  50^  C,  and  conveys  it  next  into  an  aqueous 
solution  of  phospho-tungstic  acid  for  something  like  a  minute.  It  is  then  washed 
rapidly  in  distilled  water,  and  placed  for  three  to  five  minutes  in  the  Ehrlich 
colouring  bath,  slightly  warmed.  The  proceeding  is  completed  by  washing,  drying, 
and  mounting  in  balsam  dissolved  in  xylol. 

Cilia  and  Diagnosis. — Of  late  a  good  deal  has  been  made  of  the 
presence,  character,  and  number  of  the  cilia  as  a  means  of  diagnosis  of 
the  particular  microbe,  or,  it  may  be,  as  in  the  case  of  the  cholera 
spirillum,  of  the  particular  variety.  Nicolle  and  Morax  (No.  423,  vii. 
1893,  p.  554)  show,  for  instance  (Fig.  573),  that  the  cilia  attached  to 
cholera  spirilla  taken  from  different  localities  differ  in  number  and 
disposition.     In  one  variety  from  India  they  are  absent,  and  this  also 
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is  the  only  one  which  is  non-motile.     Of  the  others  there  are  two 
types,  which  are  indicated  as  follows : — 

(1)  A  single  cilium  is  situated  at  one  of  the  extremities  of  the 
organism.  Samples  from  Shanghai  and  Hamburg,  from  Ck>urbevoie 
and  Angers,  follow  this  type.  The  vibrio  of  Finkler-Prior  and  of 
Deneke  (p.  550),  and  that  of  Sanarelli  and  Blachstein,  also  present 
thiL  peculiarity.  Loeffler  also  describes  a  single  cilium  in  the  case  of 
the  spirillum  of  Metchnikoff. 

(2)  Multiple  cilia  come  off  at  different  parts.  Thus  the  cholera 
parasite  of  Massowah,  Calcutta,  and  Paris  is  characterised  by  the 
presence  of  four  cilia  coming  off  two  by  two  at  each  end.  There  are 
sometimes  three  at  one  end  and  one  at  the  opposite.  They  have 
never  seen  a  greater  number  of  cilia  than  this  in  any  example  of  the 
cholera  spirillum.  Cilia,  however,  are  very  fragile,  and  are  easily 
detached  by  the  necessary  manipulations. 

These  two  types  are  not  modified  by  passage  through  the  system 
of  Man  or  animals.  They  preserve  their  distinctive  characters  under 
all  circumstances.  The  uniciliated  vibrios  are  ordinarily  shorter  and 
more  comma-shaped  than  the  pluriciliated. 

It  has  been  alleged  that  the  bacillus  coli  can  be  distinguished 
from  that  of  typhoid  fever  by  the  fact  that  the  former  always 
possesses  fewer  fiagella  than  the  latter.  Bacillus  coli  possesses 
ordinarily  six,  and  exceptionally  eight  to  ten,  while  that  of  typhoid  is 
provided  with  from  ten  to  twelve.  It  should  be  noted,  however,  that 
those  of  bacillus  coli  are  more  brittle  than  those  of  typhoid. 

The  cilia  are  sometimes  peculiarly  tortuous.  Sakharoff  (No.  423, 
vii.  1893,  p.  550)  describes  the  cilia  of  an  organism  found  by  him  in 
cholera  stools  as  being  remarkable  in  this  respect  He  believes, 
however,  that  such  bacteria  represent  simply  evolutional  forms  of 
the  organism  of  cholera  asiatica.  Their  cilia  resemble  in  tortuosity 
the  coils  of  a  spirillum. 


Caustic  Action  upon  the  Tissues. 

1112.  Several  of  the  pathogenic  cleft-fungi  have  a  cauterising  or 
caustic  action  on  the  part  in  which  they  live.  One  of  the  best 
examples  of  an  organism  of  this  kind  is  the  tubercle  bacillus.  In 
whatever  tissues  it  grows  its  presence  is  accompanied  by  caseation  of 
the  part  in  which  it  is  enclosed.  This,  although  predisposed  to  by  the 
want  of  vascularity  of  tubercle  as  a  tumour,  seems  nevertheless  to  be 
greatly  effected  through  something  secreted  by  the  bacillus,  and  which 
presumably  soaks  into  the  surroundings.  It  cannot  be  that  the 
bacillus  abstracts  the  nourishment  from  the  part  and  caus^  it  to 
necrose,  for  in  quite  young  tubercles,  in  which  only  individual  bacilli 
can  be  detected,  and  these  at  wide  intervals,  caseation  may  have  far 
advanced. 
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Fio.  578.— Ciliated  Pathogenic  Organisms. 
(1)  Typhoid  fever;  (2)  bac.  coli;  (8)  b.  of  Finkler  and  Prior;  (4)  b.  of  Dcneke;  (5)  "vibrio 
avicide  "  ;  (6)  v.  of  Sanarelli  (Suresnes) ;  (7)  v.  of  cholera  (Angers) ;  (8)  v.  of  cholera  (Courbevoie) ; 
(9)  V.  of  cholera  (Hamburg);  (10)  v.  of  cholera  (Slianghai);  (11)  v.  of  cholera  (Massowah,  round 
form) ;  (12)  Id.  (elongated  form) ;  (18)  v.  of  1884  cholera ;  (14)  v.  of  Indian  cholera  (devoid  of  cilia) ; 
<15)  V.  of  cholera  ((Calcutta). 
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In  bacterial  necrosis  of  the  liver  (p.  235)  death  of  the  tissue  takes 
place  for  a  long  distance  around  the  deposits  of  the  organisms,  and  in 
all  likelihood  is  also  to  be  accounted  for  by  the  destructive  influence  of 
the  secretions  from  these  organisms. 

Whether  the  gummata  of  syphilis  are  to  be  explained  upon  the 
same  grounds  may  be  a  matter  of  question.  The  masses  of  dead 
tissue  found  in  pseudo-acute  yellow  atrophy  (p.  233)  may  possibly  be 
due  to  a  like  cause. 

Influence  of  Sunlight, 

1113.  Bright  sunlight  exerts  a  retarding  if  not  a  destructive 
influence  upon  the  growth  of  most  microphytes.  The  following  ex- 
periment (Buchner,  Marshall- Ward,  etc.)  has  a  direct  bearing  upon 
this  subject.  Mix  a  culture  of  anthrax  spores  with  agar  medium,  and 
pour  the  mixture  into  a  Petri's  capsule.  Cover  the  capsule  with 
black  paper,  and  cut  out  a  figure,  say  a  letter  of  the  alphabet,  in  the 
paper  on  the  floor.  Pass  a  stream  of  sunlight  reflected  from  a  plane 
mirror  through  the  aperture  for  twenty-four  hours.  Then  place  in 
the  incubator  for  three  to  four  days.  Colonies  grow  on  every  part, 
unless  where  the  light  has  streamed  through  the  medium.  Marshall- 
Ward  (No.  149,  Hi.  1892-93,  p.  396)  believes  that  the  sunlight 
actually  destroys  the  organism,  for  portions  of  the  medium  removed 
from  the  clear  area  remain  sterile  even  when  tube  cultures  are  made 
from  them.  So  far  as  his  experiments  have  gone,  they  show  that  the 
effects  of  the  electric  light  are  feebler  than  that  of  the  sun.  This 
bactericidal  action  of  the  sun's  rays,  moreover,  he  finds  (No.  149,  liiL 
1893,  p.  28),  is  due  to  those  in  the  blue- violet  half  of  the  spectrum. 

Spores  are  pretty  generally  admitted  to  be  provided  with  a  pro- 
tective fatty  sheath  or  investment,  and  a  good  part  of  their  resistance 
seems  to  be  accounted  for  by  its  presence.  It  is  said  that  the  sunlight 
oxidises  this  and  exposes  the  germ  of  the  spore  in  the  interior. 


Pigraent-f  arming  Properties. 

1114.  Many  of  the  cleft-fungi,  pathogenic  and  non-pathogenic, 
are  chromogenous — that  is  to  say,  have  the  power  of  developing  pig- 
ment The  pigment  is  contained  either  in  their  substance  or  in  the 
surrounding  medium.  Thus  Sarcina  lutea.  Micrococcus  luteus,  and 
Micrococcus  cereus  flavus  throw  out  a  golden  yellow ;  Bacillus  luteus, 
Staphylococcus  pyogenes  aureus,  more  or  less  of  an  orange  yellow; 
Bacillus  ruber,  bright  red ;  Micrococcus  prodigiosus,  a  rose  red ;  and 
Beggiatoa  roseo-persicina,  more  of  a  violet  red;  Micrococcus  cinna- 
bareus,  a  cinnabar  red ;  Micrococcus  roseus,  Streptothrix  of  Eppinger, 
and  Rose-yeast,  more  of  a  flesh  colour ;  Bacillus  violaceus,  a  violet 
black ;  and  Bacillus  janthinus,  a  delicivte  violet.     Many  of  them  afford 
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a  green  colour,  such  as  Bacillus  pyocyaneus,  B.  fluorescens  liquefaciens 
and  non-liquefaciens,  and  the  organism  of  green  diarrhoea  of  infants. 
Bacillus  fuscus,  Cladothrix  dichotoma,  Spirillum  cholerse  Asiaticae,  and  B. 
mallei  afford  a  brown.  Kepresentations  of  some  of  these  organisms 
growing  on  different  media  are  given  in  the  accompanying  coloured 
plates.  Certain  of  them,  as,  for  instance,  that  of  glanders  (Figs. 
506  and  507)  and  cholera  (Fig.  492),  are  uncoloiu-ed  on  one  medium, 
coloured  on  another.  In  certain  cases  the  pigment  is  deposited 
in  the  capsule  of  the  organism,  in  others  in  the  protoplasm  in  the 
interior. 

Some  of  these  pigments  have  been  isolated,  and  have  received  distinctive  names, 
such  as  bacteriO'purpurinf  pyocyaniUj  etc.  Optically,  they  resemble  in  some  respects 
aniline  dyes ;  it  must  not  be  bou eluded,  however,  that  they  are  alike  in  com- 
position. 

PyoC3raiiiii  was  isolated  by  Fordos  (No.  40,  li.  1869,  p.  215),  has  basic  characters, 
and  is  probably  closely  allied  to  the  ptomaines.  The  sulphate  and  chloride 
crystallise  in  red  needles,  and  solutions  of  the  same  are  precipitated  by  gold  chloride, 
platinum  chloride,  potassic  iodide,  mercury  chloride,  tannin,  etc.  With  ferrid- 
cyanide  of  potassium  and  chloride  of  iron,  pyocyanin  gradually  throws  down 
Berlin  blue  more  slowly  than  morphia.  It  is  soluble  in  water,  particularly  so  in  hot 
water,  in  alcohol,  and  in  chloroform,  less  so  in  ether.  Its  solutions  have  a  bitter 
taste.  Exposure  to  air  and  all  other  methods  of  oxidation  cause  it  to  pass  into  a 
yellowish-green  substance,  pyoxanthose,  crystallising  in  small  yellow  needles.  The 
nature  and  properties  of  this  yellow  colouring  matter  are  not  so  well  known  as  those 
of  pyocj'anin  itself.  The  Bacillus  fluorescens  liquefaciens  and  B.  fl.  putridus  also 
secrete  it.  Pyocyanin  does  not  seem  to  be  toxic  ;  the  organism  which  secretes  it, 
the  Bacillus  pyocyaneus,  does  not  appear  to  take  any  part  in  the  causation  of 
suppuration,  even  although  it  is  found  growing  upon  pus.  The  greenish  colour  of 
cultures  of  the  organism  in  bouillon  is  due  to  the  development  of  pyoxanthose. 
When  the  organism  is  cultivated  free  from  oxygen  it  grows  well  enough,  but  the 
culture  liquid  is  uncoloured  by  it.  The  organism,  it  should  be  mentioned,  is  not 
peculiar  to  pus,  although  found  oftenest  within  it.  It  is  also  the  cause  of  coloration 
of  blue  sweat. 

Eztraction  of  Pyocyanin. — Gessard's  process  is  as  follows : — Treat  the  liquid 
containing  it  with  a  little  ammonia  and  with  chloroform.  To  get  rid  of  impurities 
such  as  fats,  filter  and  shake  with  water  acidulated  with  sulphuric  or  hydrochloric 
acid.  The  pyocyanin  passes  into  the  water  as  a  red  combination,  while  the  chloro- 
form retains  the  fat  and  the  yellow-green  pigment  pyoxanthose.  The  acid  aqueous 
solution  is  saturated  with  ammonia  or  potash ;  it  becomes  blue.  Filter  and  treat 
with  chloroform.  The  chloroform  abstracts  the  pyocyanin  ;  evaporate,  and  it  is  left 
in  the  form  of  deep  blue  crystals  like  indigo. 

Conditions  of  Secretion. — Organisms  develop  pigment  only 
when  they  have  free  access  to  oxygen  (Liborius).  If  they  are  grown 
in  an  atmosphere  devoid  of  oxygen,  or  if  the  culture  liquid  is 
covered  with  oil,  they  fail  to  develop  colour.  A  great  deal  depends 
also  upon  the  basis.  Thus  potato  is  favourable  in  most  cases,  and 
particularly  if  it  is  slightly  acid.  In  some  instances,  however,  an 
alkaline  reaction  is  preferable.     Sunlight  is  unnecessary. 
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Photogenous  Organisms.  —  Phosphorescence  is  a  property 
common  to  many  organisms.  The  phosphorescent  light  of  Pdagia 
lUfdilnca  is  due  to  the  Bacillus  pelagia  which  lives  in  the  mucus  of  its 
ectoderm.  The  phosphorescence  of  decaying  fish  and  other  animal 
matter  is  caused  by  the  growth  of  a  photogenous  organism  upon  them. 
It  is  a  property  which  is  common  to  many  varieties,  such,  for  instance, 
as  the  Bacillus  phosphorescens  from  sea  water  in  the  vicinity  of  the 
West  Indies  and  the  Bacterium  phosphorescens  of  Fischer.  The  light 
is  so  brilliant  when  the  culture  is  successful  as  to  enable  a  person  to 
read  by  it.  It  has  even  been  found  possible  to  photograph  by  means 
of  it. 

The  best  culture  fluid  is  a  broth  made  from  fish  with  sea  water. 
Beyrinck  recommends  the  following,  which  will  be  found  excellent  for 
the  purpose  : — Fish  broth  made  with  sea  water  +  1  per  cent  glycerine, 
\  per  cent  asparagin,  and  8  per  cent  gelatine. 

Fluorescence.  —  Several  of  the  pigments  in  question  confer 
another  property  upon  the  medium,  namely,  that  of  fluorescence. 
Such  is  the  case  with  the  greenish  pigment  secreted  by  the  Bacillus 
pyocyaneus,  the  pigment  of  B.  fluorescens  non-liquefaciens,  etc 

Literature  on  Chromogaious  Microphytes, — Charrin:  La  maladie  pyocvanique, 
1889.  £ns:eliiiami :  Arch.  f.  d.  ges.  Physiol.,  xxx.  1883,  p.  95  ;  Ihid.,  xlii.  1888, 
p.  183.  Fordos  (Pvocyanine) :  Comptes  rend,  de  I'Acad.  des  Sciences,  li.  1869, 
p.  215.  Gessard  (Bac.  Pyocyaneus) :  Ann.  de  I'lnst.  Pasteur,  iv.  1890,  p.  88  ;  aZ» 
(Microbe  of  Blue  Milk),  Ann.  de  I'lnst.  Pasteur,  v.  1891,  p.  737.  Lankaster: 
Quart.  Joum.  Mic.  Sc,  xiii.  1873,  p.  408.  Leraun  (Cultures  on  Coloured  Bases): 
Ann.  de  I'lnst  Pasteur,  v.  1891,  p.  707.  Morat  (Soluble  Product  of  Bac.  Pyocyaneus): 
Arch,  de  physiol.  norm,  et  path.,  iv.  1892,  p.  386.  Rohrer  (Pigment  formed  by 
Bac.  IVocyaneus) :  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank. ,  xL  1892,  p.  827. 
Schae^r :  Beitrag  z.  Lehre  v.  d.  i«th.  Eigenschaften  d.  Bac.  Pyocyaneus,  1891. 
Schimmelbusch  (Green  Pus  and  Bac.  Pyocyaneus) :  SanmiL  klin.  Vortriige,  1893, 
No.  62  (Chir.  No.  15,  p.  303).  Wasserzug  (Bac.  Pyocyaneus):  Ann.  de  I'lust 
Pasteur,  i.  1887. 


G(U-forming  Properties, 

1115.  When  growing  in  the  tissues  or  upon  the  contents  of  the 
stomach  and  intestine,  certain  of  the  organisms  at  present  being  con- 
sidered have  the  property  of  evolving  gas.  Such,  for  instance,  are  those 
of  symptomatic  anthrax  and  of  the  so-called  "  Scum-liver "  (Schaum- 
leber).  In  the  former  case  the  gas  gets  into  the  subcutaneous  areolar 
tissues  and  gives  rise  to  a  crackling  swelling ;  in  the  latter,  according 
to  Ernst  (No.  13,  cxxxiii.  1893,  p.  308),  a  small  bacillus  fructifies  in  the 
liver,  causing  it  to  be  filled  after  death  to  such  an  extent  with  gas-bells 
that  a  foamy  deposit  can  be  scraped  from  the  cut  surface.  Those 
which  flourish  within  the  alimentary  canal  have  already  been  referred 
to  (p.  497). 

The  gases  evolved  consist  of  carbonic  acid,  light  carburetted 
hydrogen,  and  hydrogen. 
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The  Soil  as  a  Harbourer  of  Pathogenic  Organisms.     * 

1116.  Many  pathogenic  organisms  can  live  in  the  soil,  and 
apparently  multiply  within  it.  Thus  the  organisms  of  malignant 
oedema,  of  tetanus,  and  of  anthrax  may  all  be  obtained  from  soil.  The 
spores  of  anthrax  may  live  for  years  within  it  apparently  unharmed. 
The  organisms  of  suppuration  are  also  sometimes  derived  from  it. 

The  surface  microbes  appear  to  be  mostly  aerobic,  those  which  are 
deeper  down  anaerobic.  The  latter  extract  their  oxygen  from  oxygen 
containing  compounds,  a  property  which,  like  that  ix)ssessed  by  others 
of  extracting  free  nitrogen  from  the  atmosphere,  they  have  probably 
acquired  as  a  matter  of  necessity.  Very  deep  levels  of  the  soil  (12 
feet)  seem  to  be  incapable  of  supporting  bacterial  life,  and  are  generally 
sterile  as  a  consequence. 

Mutual  Antagonism  of  Microphytes. 

1117.  A  most  interesting  and  practical  question  comes  to  be 
whether  the  growth  of  one  organism  in  the  blood  can  be  prevented  by 
that  of  another.  Reference  has  been  made  already  (p.  156)  to  the 
work  of  Cantani  in  this  direction.  He  employed  the  organisms  of 
putrefaction  against  the  bacillus  of  tuberculosis.  The  results  were  not 
very  encouraging.  Possibly  it  may  be  that  the  bacillus  of  tubercle  is 
too  strong  for  those  of  putrefaction,  for,  as  before  alluded  to  (p.  1 45), 
tubercular  tissues  do  not  exhibit  evidence  of  putrefaction,  even  although 
they  may  be  falling  to  pieces  and  in  process  of  being  converted  into 
phthisical  cavities.  Growing  side  by  side  with  the  tubercle  bacillus, 
in  the  discharge  from  these  cavities,  numerous  other  organisms  may  be 
found.  But  they  do  not  appear  to  exert  any  inhibitive  action  upon 
its  vitality.  In  the  discharge  from  the  vulva  or  urethra  infected  with 
gonorrhoea  many  cocci  besides  those  of  Neisser  are  found.  Some  of 
them  are  present  in  the  urethra  naturally.  Such,  for  instance,  are 
Micrococcus  lacteus  faviformis  (normal  vagina),  M.  subflavus  (lochia), 
M.  albicans  amplus  (rarely  in  vaginal  mucus  and  in  simple  urethritis), 
M.  albicans  tardissimus  (urethral  discharges),  M.  citreus  conglomeratus 
(blenorrhagia).  These  all  grow  side  by  side  with  the  gonococcus,  and 
do  not  interfere  with  it. 

Indeed  we  know  that  the  virulence  of  the  diphtheria  bacillus 
gradually  dies  out  unless  it  is  grown  along  with  other  organisms. 

Notwithstanding  this,  however,  there  is  always  the  question  as  to  whether 
particular  organisms  may  not  be  found  which  are  inimical  to  the  growth  of  others. 
To  the  solution  of  this  question  Pawlowsky  (No.  13,  cviii.  1887,  p.  494)  and  Em- 
merich and  Di  Mattei  (No.  11,  v.  1887,  p.  653)  have  addressed  themselves.  Anthrax 
was  the  organism  selected  in  both  cases  for  experiment.  Pawlowsky  found  that 
anthrax  bacillus,  mixed  with  various  other  organisms  and  injected  subcutaneously, 
failed  to  set  up  the  disease.  Of  all  the  organisms  he  employed,  Friedlander's 
Diplococcus  pneumoniae  fibrinoste  was  most  effectual ;  Staphylococcus  pyogenes 
VOL.  II  3  R 
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aureus  came  next  Thirdly,  even  a  non -pathogenic  organism,  such  as  Bacillus  pro- 
digiosus,  in  some  cases  prevented  the  occurrence  of  the  disease.  Fourth  in  order  came 
Streptococcus  erysipelatosus.  When  the  counteracting  organism  was  injected  into 
the  circulation,  he  found  that  most  success  attended  the  employment  of  pneumonia 
diplococci. 

A  great  deal  depends  upon  the  strength  of  the  organism  employed  as  the  curative 
agent  and  also  the  quantity  injected.  Emmerich  and  Mattei  found  that  the  coccus 
of  erysipelas  was  particularly  inimical  to  anthrax,  and  that  its  effect  was  far  more 
remarkable  when  it  was  taken  directly  from  a  person  dead  of  erysipelas.  Injections 
of  this  organism  have  been  said  to  have  a  retrogressive  eflfect  upon  the  growth  of 
malignant  tumours.  An  animal  prepared  by  the  injection  of  erysipelas  coccus  into 
its  subcutaneous  areolar  tissue  is  proof  against  anthrax  injected  in  a  like  fashion, 
even  in  large  doses.  The  anthrax  bacilli  disappear,  and  they  suppose  they  are 
destroyed  at  the  point  of  injection  before  they  have  had  a  chance  of  entering  the 
blood-  or  lymph-channels. 

Fermentation. 

1118.  Definition. — By  it  is  meant  a  process  whereby  complex:  chemicul 
compounds  are  split  up  into  those  which  are  simpler.  It  is  accompanied  by 
the  liberation  of  heat.  During  the  process  the  atoms  pass  from  an 
unstable  to  a  stable  condition.     It  is  caused  by  the  action  of  a  ferment 

Ferments. — These  are  of  two  kinds :  (1)  living  and  organised,  as 
in  the  case  of  the  yeast  plant ;  and  (2)  enzymes  (cvfr//?;,  leaven)  or 
substances  secreted  by  living  cells. 

In  the  case  of  the  first  or  organised  ferments  the  substance  to  be 
fermented  probably  passes  into  the  cell,  and  is  transformed  into  less 
complex  molecules  in  its  protoplasm.  These  are  rejected  or  accumulate 
as  a  residue,  and  it  usually  happens  that  when  they  have  accumulated 
up  to  a  given  point,  they  exert  a  deterring  influence  upon  the  further 
action  of  the  organism  producing  them  and  fermentation  ceases. 

Thus  when  the  alcohol  in  alcoholic  fermentation  amounts  to  some- 
thing like  1 4  per  cent  its  formation  ceases ;  when  carbonate  of 
ammonia  accumulates  to  about  13  per  cent  in  ammonia<»l  fermenta- 
tion, the  further  progress  of  the  fermentation  is  frustrated.  In  the 
lactic  acid  and  butyric  acid  fermentations  the  same  thing  happens. 

It  must  not  be  supposed,  however,  that  a  living  ferment  like  the 
yeast  plant  is  capable  of  existing  entirely  upon  the  substance  it 
ferments.  Yeast  sown  upon  pure  sugar  fails  to  bring  about  fermenta- 
tion and  soon  dies.  Like  other  living  and  growing  organisms,  the 
yeast  plant  requires  a  free  supply  of  proteid  to  maintain  itself  upon. 
This  is  always  contained  in  solutions  capable  of  being  fermented  by  it 

The  members  of  the  second  group  or  thai  of  the  enzymes  act  differently. 
When,  for  instance,  the  liquid  in  which  the  spirillum  of  Asiatic  cholera 
has  been  grown  is  separated  from  the  organism  and  added  to  gelatine 
medium  it  liquefies  the  gelatine,  owing  to  its  containing  a  soluble 
enzyme  secreted  by  the  spirillum. 

It  is  sometimes  said,  however,  that  the  difference  in  the  action  of 
the  two  kinds  of  ferment  is  only  superficial.     It  has  been  asserted  that 
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yeast  yields  a  ferment,  invertin,  which,  quite  apart  from  the  living 
principle  of  the  yeast,  is  capable  of  converting  cane  sugar  into  invert 
sugar  (a  mixture  of  left  rotating  sugar  and  of  dextrose).  Further 
corroboration  of  the  assertion,  however,  would  be  required. 

These  enzymes  are  formed  largely  in  the  animal  body  as  a  result  of 
the  action  of  living  cells,  and  are  utilised  in  the  preparation  of  the 
various  food  stuffs  for  assimilation  and  for  other  purposes.  It  should 
be  remembered  that  all  enzymes  are  readily  destroyed  by  heat 

The  chief  varieties  are:  {\)  the  diastatic,  converting  starch  into 
sugar ;  (2)  tlie  proteolytic,  rendering  insoluble  proteids  soluble  ;  (3)  the 
glucosic,  transfoi-ming  glucosides  (compounds  of  sugar  and  an  aromatic 
principle)  into  sugar  and  simple  benzole  derivatives ;  and  (4)  the 
inverting,  changing  cane  sugar  into  grape  sugar. 

Continuous  Fermentaiians, 

It  sometimes  happens  that  the  products  of  one  kind  of  fermentation 
act  as  the  pabulum  for  a  second,  and  it  may  be  a  third.  Thus  starting 
with  sugar,  the  yeast  plant  may  convert  it  into  alcohol,  the  bacillus 
aceti  splits  up  the  alcohol  and  transforms  it  into  acetic  acid.  After  all 
the  alcohol  has  been  consumed,  the  bacillus  aceti  can  attack  the  acetic 
acid  and  bum  it  completely  into  carbonic  acid  and  water.  Or  it  may 
happen  that  the  acetic  acid  stage  is  carried  a  step  further  by  the  access 
of  putrefactive  organisms. 

Nature  of  the  Chemical  Interchanges, 

In  the  various  fermentative  processes  the  chemical  action  appar- 
ently is  not  always  alike. 

Thus  in  the  ordinary  fermentation  of  grape  sugar  the  essential 
nature  of  the  process  may  be  described  as  that  of  transference  of  the 
oxygen  atom  from  the  hydrogen  to  the  carbon  atom.     Thus  : — 

C„Hi,0,  +  2(H,0)  =  2(C,H«0)  +  2(C03H,)  = 
2(C2H,0)  +  2COj+2H20. 

Grape  Sugar.      Alcohol. 

In  that  just  mentioned,  the  fermentation  of  alcohol  into  acetic  acid 
by  the  bacillus  aceti,  the  essential  part  of  the  interchange  is  one  of 
oxidation.  The  decomposition  of  alloxan  into  urea,  oxalic  acid,  and 
carbonic  acid,  and  the  further  spKtting  up  of  the  oxalic  acid  under  the 
influence  of  oxygen  into  carbonic  acid  and  water,  is  another  example 
of  the  same  : — 

Alloxan. 

This  variety  may  be  named,  therefore,  fermentatian  by  oxidation. 
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In  other  cases,  however,  the  access  of  oxygen  is  unnecessary  ;  it  is 
absolutely  hurtful.  The  essential  chemical  interchange  in  these  cases  is 
one  of  reduction.  As  an  example,  butyric  acid  fermentation  by  the 
bacillus  butyricus  (vibrion  butyric  of  Pasteur)  may  be  mentioned. 
This  organism  has  been  shown  to  have  the  power  of  transforming 
lactic  acid,  sugar,  and  amylaceous  substances  such  as  cellulose  into 
butyric  acid.  The  fermentation  is  fulfilled  only  in  the  absence  of 
oxygen,  although  other  organisms  may  attain  the  same  end  in  its 
presence  (e.g.  Bacillus  violaceus  of  Mace).  The  interchange  in  this 
case  must  be  different  from  that  in  the  example  of  fermentation  by 
oxidation  just  given,  and  may  be  called  fermentation  by  reduction. 

In  yet  other  forms  of  fermentation  the  molecule  splits  into  two 
equal  parts.  The  urea  molecule,  for  instance,  splits  into  two  mole- 
cules of  carbonate  of  ammonia  under  the  influence  of  the  micrococcus 
urese  or  some  other  living  ferment  This  is  known  as  fermentation  hy 
cleavage  (Mact»). 

The  action  of  the  various  enzymes,  on  the  other  hand,  is  in  most 
cases  really  one  of  hydi-ation,  or  luther  of  hydrolysis,  as  shown  by  the 
following  examples : — 

Diastatic  fermentation : — 

^24^40^20  +  ^HgO  =  C^Hj^O^  +  SC^HjgO,.. 
Starch.  Dextrine.        Dextrose. 

Emulsin  fermentation : — 

C,3Hi,0,  +  H.p  =  C,H,,0,  +  C,H, .  OH .  CH^OH. 
Salicin.  Dextrose.  Saligenin. 

Invert  fermentation  : — 

^12^22^11  "•"  H2O  =  CgHjgOg  +  CjjHioOjj. 

Cane  sugar.  Grape  sugar. 

The  following  half-tabular  statement  of  the  various  fermentations  which  concern 
us  is  given  by  M'Fadyean  (No.  161,  1889,  p.  494). 

(A)  Fermentations  produced  by  microbes  and  analogous  to  the  action  of 
enzymes : — 

(1)  Diastatic  fermentation,  e.g.  bacillus  acidi  lactici. 

(2)  Invert  fermentation,  e.g.  peuicillium  and  aspergillus  ;  yeast  fungi. 

(3)  Cellulose  fermentation,  e.g.  vibrio  rugula.  It  is  probable  that  cellulose  is 
dissolved  in  the  digestive  tract  by  ferment  bacteria. 

(4)  **  Peptonising"  fermentation,  e.g.  the  bacteria  which  liquefy  gelatine. 

(5)  Milk  fermentation  (curdling  of  milk),  e.g.  bacillus  acidi  lactici.  It  splits 
the  milk  sugar  into  lactic  and  carbonic  acids,  and  the  acid  produces  a  precii>itatiou 
of  the  casein. 

(6)  Urea  fermentation,  e.g.  micrococcus  urece.  The  urea  is  converted  into  car- 
bonate of  ammonia. 

(B)  Strictly  organic  fermentations. 

I.  Alcoholic  fermentation   of  svgar  by  the  yeast  fungi.      It    takes  pUcc  in 
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glucoses  having  the  general  formula  CeHjjOe;  and  after  hydration  in  maltose 
CioHaaOii  +  HaO. 

To  understand  the  process  one  must  know  the  chemical  structure  of  the  carbo- 
hydrates. The  carbohydrates  contain  six  or  a  multiple  of  six  atoms  of  carbon,  and 
in  them  the  relationship  of  the  hydrogen  and  oxygen  is  the  same  as  in  water.  There 
are  three  groups  : — 

1.  Glucose  group,  e.g.  dextrose  CgHijOg 

2.  Cane  sugar  group,  e.g.  maltose  CjaHjsOn 

3.  Cellulose  group,  e.g.  starch  (CgHioOj)!* . 

All  these  are  fermentable,  but  only  the  first  group  can  be  converted  by  the  yeast 
fungi  into  alcohol.  The  last  two  groups  can  be  converted  by  other  ferments  into 
bodies  capable  of  undergoing  alcoholic  fermentation.     Thus  : — 

(1)  Starch  by  the  action  of  an  enzyme  can  be  converted  into  maltose — 

SCeHioOj  +  H2O  =  C12H22O1,  +  CeHjoOj. 
starch.  Maltose. 

(2)  Maltose  by  the  action  of  an  enzyme  formed  by  the  torula  is  changed  into  a 
glucose — 

C12H23O11  +  H2O  =  CgHisOrt  +  C8H12O8. 
Maltose.  Dextrose. 

(3)  The  tonda  acting  on  the  dextrose  converts  it  into  alcohol  and  carbonic  acid — 

CeHjaOg  =  2C2HgO  +  200^. 

By-products  are  formed  as  well  in  this  last  change,  namely,  glycerine,  succinic 
acid,  fusel  oil,  acetic  acid,  etc.,  so  that  this  last  change  is  not  so  simple  as  repre- 
sented by  the  formula.  When  the  alcohol  reaches  12  per  cent,  the  torula  is 
liindered  in  its  development,  when  it  reaches  14  per  cent  further  fermentation 
ceases.     The  by-products  may  possibly  be  metabolic  products  of  other  microbes. 

II.  Fermentation  by  Schizomycetes : — 

(a)  Lactic  acid  fermentation  by,  e.g.y  Bac.  acid,  lactici.  Glucoses  are  converted 
into  lactic  acid,  and  carbonic  acid  is  given  off.  When  the  lactic  acid  reaches  0*8 
per  cent  and  is  not  neutralised  fermentation  stops.  It  is  probable  that  the  bacillus 
hydrates  the  sugar  in  the  milk,  i.  e.  converts  it  into  a  glucose,  before  the  special 
fermentation  takes  place.     The  fonnula  usually  given  is — 

CgHi20e=2(C2H4 .  OH  .  COOH). 
Lactic  acid. 

But  this  does  not  explain  the  formation  of  carbonic  acid.  Perhaps  it  is  due  to  the 
action  of  a  second  bacterium. 

It  should  be  mentioned  that  milk  which  has  been  boiled  turns  bitter,  that  which 
has  not  turns  sour.  Of  the  various  forms  of  organism  which  vegetate  in  milk  the 
most  active  at  a  low  temperature  is  the  bacillus  acidi  lacticL  It  imparts  sourness 
to  the  milk  by  forming  lactic  acid.  It  is  killed,  however,  by  boiling,  according  to 
de  Bary  (No.  589,  p.  33),  while  the  spores  of  the  bacillus  of  butyric  acid  fermenta- 
tion are  able  to  withstand  a  boiling  temperature.  They  retain  their  vitality  in  the 
boiled  milk,  and  occasion  the  bitter  taste  by  the  fermentation  they  excite. 

Q3)  Butyric  acid  fermentation  by,  e.g.,  Bacillus  butyricus,  B.  amylobacter,  or 
Clostridium  butyricum,  by  which  starch,  cane  sugar,  and  dextrose  are  fermented. 
The  one  important  product  is  butyric  acid — C4H8O2 ;  but  along  with  it  we  find  acetic 
acid,  alcohol,  carbonic  acid,  and  hydrogen.  The  bacillus  butyricus  produces  the 
change  anaerobically. 
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(y)  Mannite  fermentation  by,  e.g.,  micrococcus  yiscosus.  This  produces  viscosity 
in  wine  by  acting  on  the  sugar,  and  forming  a  peculiar  gummy  body,  viscose. 

Amongst  other  fermentations  may  be  mentioned  tbe  conversion  of  glycerine  into 
alcohol,  and  of  fatty  acids  into  propionic  and  acetic  acids. 

Finally,  the  conversion  of  the  alcohol  in  fermented  liquors  into  acetic  acid  by 
the  bacillus  aceticus — 

CHj .  CH3OH  .  +  ©2= CH3 .  COOH  +  HgO. 
Acetic  acid. 

Literature  on  Fermentation. — ^Arthus  (Vital  and  Chemical  Fermentations) :  Compt 
rend,  Acad.  d.  sc.,  cxv.  1892,  p.  839  ;  also,  Arch,  de  physiol.  norm,  et  path.,  iv. 
1892,  p.  651.  Bourquelot :  Les  Fermentations,  11889.  Calmette  (Ferments  of 
Starch) :  Ann.  de  I'lnst.  Pasteur,  vi.  1892,  p.  604.  Chauveau  (Ferments  and  Virus) : 
Rev.  scient.,  iii.  1881,  p.  234.  Dudaux :  Ferments  et  maladies,  1882 ;  aZsOy  Fermenta- 
tion (Health  Exhibition  Handbook,  London,  1884).  Falk  (Ferments  in  Animal 
Organism) :  Arch.  f.  path.  Anat.,  Ixxxiv.  1881,  p.  119.  Fliigge  :  Fermente  und 
Mikroparasiten  (Eng.  Transl.  by  Cheyne),  1890 ;  also,  Fermente  u.  Mikroparasiten, 
1883  ;  also,  Handbuch  d.  Hygiene,  Pt.  I.,  Fermente  u.  Mikroparasiten,  1882. 
Frankland  (Some  Fermentations  excited  by  Specihc  Micro  -  orsanisms) :  Tr.  VII. 
Intemat.  Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  310.  Griitzner  (Unformed  Ferments 
in  Animal  Body) :  Arch.  f.  d.  ges.  Physiol.,  xii.  1876,  p.  285.  Herzen  (the  K61eof 
Microbes  in  Fermentation) :  Compt  rend.  Soc.  de  biol.,  1889,  i.  p.  140.  Hildebrandt 
(Action  of  Hydrolytic  Ferments):  Arch.  f.  path.  Anat,  cxxi.  1890,  p.  1 ;  a/so 
(Hydrolytic  Ferments),  Arch.  f.  path.  Anat,  cxxxi.  1898,  p.  5.  Jacobson :  Ueb. 
ungeformte  Fermente,  1891  ;  also  (Soluble  Ferments),  Ztschr.  f.  physiol.  Chem., 
xvi.  1891-92,  p.  340.  de  Jager  (Action  of  Unformed  Ferments) :  Arch.  f.  path. 
Anat,  cxxi.  1890,  p.  182.  Kellner  (Invert  Ferments):  Ztschr.  f.  physiol.  Chem., 
xiv.  1889-90,  p.  297.  Kirchner  ( Identity  of  Streptococcus  P.  and  S.  Erysipelatosiis) : 
Centralbl.  f  Bakteriol.  u.  Parasitonkrank.,  xi.  1892,  p.  749.  lAebig  :  Ueb.  Gahrung, 
etc.,  1870.  Lister  (Lactic):  Trans.  Path.  Soc,  xxix.  1878;  Contribution  to  the 
Germ  Theory  of  Putrefaction  and  other  Fermentative  Changes,  1875  ;  Quart  Joum. 
Micr.  Sc.,  xiii.  1873,  p.  380  ;  Ibid.,  xviii.  1878,  p.  177  ;  also  (Lactic  Acid  Fermenta- 
tion), Trans.  Path.  Soc.  Lond.,  xxix.  1878,  p.  426.  Nilgelil:  Theorie  der  Gahrung, 
1879.  Pasteur :  Etude  sur  le  vin,  1866  ;  itude  sur  la  Were,  1876  ;  also  (Lactic), 
Compt.  rend.  Acad.  d.  Sc.,  xlv.  1857,  p.  913  ;  Studies  on  Fermentation,  1879. 
Schiitzenberfi^er :  Die  Gahrungserscheinungen,  1876.  Trouessart :  Microbes, 
Ferments,  and  Moulds,  1886.  Tyndall  (F.  and  Disease)  :  Pop.  Sc.  Month.  N.  Y., 
x.  1877,  p.  789.  Wassilieff :  Ztschr.  f.  physiol.  Chem.,  vi.  1882,  p.  112.  Wood: 
Lab.  Rep.  R.  Coll.  Physicians,  Edin.,  1890,  p.  253. 
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Putrefaction. 

1119.  Definition. — By  putrefaction  is  meant  the  process  of  decom- 
position  to  which  organic  matter  is  subject  after  death.  It  is  accompanied 
by  the  evolution  of  foul-smelling  gases,  and  consists  in  the  sum  of  the 
fernientatians  excited  hy  certain  micro-organisms  upon  tissues  of  an  albuminaus 
or  albuminoid  type. 

The  albumin  in  the  course  of  putrefaction  never  seems  to  be  de- 
composed directly  but  is  transformed  primarily  into  peptone.  By  the 
addition  of  pancreatic  ferment  putrefaction  is  hastened.  The  albumins 
are  most  readily  attacked,  but  gelatinous  and  gelatine-yielding  tissues — 
that  is  to  say,  albuminoids — are  also  disposed  to  it.  Like  all  fermenta- 
tions, putrefaction  takes  place  only  in  presence  of  water.  The  reason 
of  this  is  that  it  is  largely  a  process  of  hydration.  Hence,  if  the  tissue 
is  dried,  it  can  be  kept  free  from  putrefaction  for  an  unlimited  time. 

It  is  in  many  respects  a  salutary  phenomenon,  consisting  as  it  does 
in  the  reduction  of  compound  products  to  those  which  are  simpler, 
so  rendering  them  capable  of  being  assimilated  by  plants.  It  is  even 
said  that  the  organisms  of  putrefaction  subserve  a  useful  purpose  in 
the  animal  economy  by  hydrating  the  food  elements  in  the  alimentary 
canal.  All  the  products  of  digestion  can  be  evolved  by  them  outside 
the  body,  and  certain  physiologists  have  gone  so  far  as  to  say  that  they, 
and  not  the  natural  secretions  of  the  digestive  glands,  are  the  essential 
elements  of  digestion.  Under  no  circumstances  of  health,  however,  do 
these  organisms  seem  to  exist  in  the  blood  or  internal  tissues. 

The  Organisms. — It  used  to  be  said  that  there  was  one  organism 
of  putrefaction,  namely,  bacterium  termo.  It  is  now  conceded, 
practically  on  all  hands,  that  this  is  not  a  pure  form,  that  the  small 
cylindrical  body  so  designated  is  nothing  more  than  a  stage  in  the  life 
history  of  several  different  organisms.  The  truth  seems  to  be  that 
there  are  many  organisms  which  have  the  property  of  inducing  putre- 
faction. 
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Rosenbach  (No.  648),  for  instance,  isolated  three,  to  which  he  gave 
the  generic  name  Bacillus  saprogenes,  distinguishing  them  as  1,  2,  and 
3  respectively.  All  of  them  have  the  property  of  calling  forth  putre- 
faction. 

Hauser  (No.  649)  finds,  on  sowing  some  of  the  liquid  derived  from 
putrefying  substances  on  the  surface  of  gelatine  plates,  that  many 
different  colonies  develop  upon  it.  Most  of  these  fail  to  liquefy  the 
gelatine,  but  there  is  one  met  with  in  great  constancy  which  does  so, 
and  which  he  regards  as  among  the  most  important  causes  of  putre- 
faction. He  gives  it  the  name  Proteus,  from  the  many  forms  it 
assumes.  Thus,  beginning  as  a  coccus -like  structure,  it  may  pass 
successively  through  the  stages  of  a  short  rod,  a  long  rod,  a  thread, 
a  vibrio,  a  spirillum,  and  a  spirochseta.  The  multiformity  of  the 
organism  is  dependent  apparently  upon,  and  is  regulated  by,  the 
nature  of  the  basis  on  which  it  is  growing,  so  that,  for  instance,  when 
grown  on  an  acid  basis,  only  cocci  and  short  rods  are  forthcoming. 
He  distinguishes  three  species,  P.  vulgaris,  P.  mirabilis,  and  P.  zenkeri. 
They  belong  to  the  class  of  facultative  anaerobes.  Proteus  vulgaris 
and  mirabilis  are  amongst  the  chief  promoters  of  putrefaction. 

They  can  be  subdivided  into  those  which  are  aerobic  and  those 
which  are  anaerobic.  The  a^'obes  grow  luxuriantly  at  first  all  through, 
let  us  say,  an  infusion  of  muscle,  but  as  the  oxygen  becomes  exhausted 
they  pass  to  the  surface,  where  they  localise  themselves  often  in  the 
form  of  a  film.  The  anaerobes  can  now  flourish  in  the  deep  parts  of  the 
liquid  unopposed  and  protected  by  the  film  of  aerobes  on  the  surface. 

The  elements  of  the  medium  can  be  entirely  oxidised  by  the 
aerobes,  and  converted  into  inodorous  substances  such  as  carbonic  acid 
and  water. 

Those  acted  on  by  the  anaerobes  are  naturally  less  completely 
oxidised  and  are  much  more  complex.  Briefly  summarised  they  are 
as  follows : — 

(1)  Hydration  products :  Leucin,  peptone,  amido- valerianic  acid, 
tyrosin,  glycocol. 

(2)  Volatile  products :  Ammonia,  volatile  fatty  acids,  and  reduction 
gases  such  as  hydrogen,  sulphuretted  hydrogen,  and  marsh  gas. 

(3)  Characteristic  putrefactive  products  :  Skatol,  indol,  and  phenoL 

(4)  Basic  compounds  or  ptomaines. 

Hydrogen  is  liberated  and  combines  with  sulphur  in  its  nascent 
condition,  or  with  phosphorus,  to  form  respectively  sulphiu-etted  or 
phosphuretted  hydrogen.  These  add  to  and  confer  a  special  character 
upon  the  odour. 

The  fact  of  the  presence  of  phenol,  indol,  skatol,  etc.,  led  to  the 
suggestion  (Nencki)  that  these  products  put  a  stop  to  the  further  de- 
velopment of  the  microbes  of  putrefaction.  So  comparatively  small  a 
percentage  as  0'05  of  skatol  or  0*1  of  indol  is  sufficient  to  arrest  their 
development,  but  in  putrefactive  liquids  they  are  in  smaller  proportion 
than  this.     As  demonstrated  by  Baumann,  phenol  is  a  very  constant 
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product  of  putrefaction  and  its  presence  in  the  intestine  has  been 
proved  by  Brieger.  The  amount  increases  in  septicaemia  and  in 
peritonitis. 

Literature  on  Putrefaction  and  Disease. — Bordas  :  Ktude  sur  la  putrefaction,  1892. 
Brieg'er  (Relationship  of  Putrefaction  to  Disease):  Ztschr.  f.  klin.  Med.,  iii.  1881, 
p.  465.  Eber  (Chemical  Property  of  Putrefaction) :  Arch.  f.  wissensch.  u.  prakt. 
Thierh.,  xvii.  1891,  p.  222.  Hiller :  Die  Lehere  v.  d.  Faulniss,  1879.  Hueppe 
(Relation  of  Putrefaction  to  Infectious  Diseases) :  Berl.  klin.  Wochnschr.,  xxiv. 
1887,  p.  721.  Lister:  A  Contribution  to  the  Germ  Theory  of  Putrefaction,  1875 
(Repr.  from  Tr.  Roy.  Soc.  Edinb.,  xxvii.).  M.  Duncan  (Sapraemia)  :  Lancet,  1880, 
ii.  p.  681.  Sanderson :  Suppl.  Loc.  Gov.  Board  Reports,  1883,  p.  101.  Tyndall : 
Essays  on  the  Floating  Matter  in  the  Air  in  relation  to  Putrefaction  and  Infection, 
1881.  Winogradsky  (Organisms  of  Nitrification) :  Ann.  de  I'lnst.  Pasteur,  iv.  1890, 
p.  213.  Zahn  (Putrefactive  Germs  in  Blood) :  Arch.  f.  path.  Anat.,  cxxxv.  1884, 
p.  401. 

The  Chemical  Products  of  Bacterial  Growth. 

1120.  Among  the  many  products  of  the  metabolism  effected  by 
micro-organisms  there  are  certain  which  act  as  violent  poisons,  others 
which  are  harmless.  An  accurate  classification,  from  a  chemical  point 
of  view,  as  yet  is  impossible,  but  three  distinct  classes  have  up  till  the 
present  time  been  recognised,  namely,  (1)  the  bacterial  alkaloids  or 
ptomaines,  (2)  the  enzymes  or  ferments,  and  (3)  the  albumoses. 
They  are  sometimes  developed  singly,  at  other  times  in  combination. 
Anthrax  elaborates  both  a  ptomaine  and  an  albumose.  The  ptomaine, 
according  to  Martin  (Xo.  6,  1892,  i.  p.  641),  induces  fever,  the  alkaloid 
coma. 

The  alkodaids  are  a  common  source  of  danger,  from  their  developing 
in  animal  articles  of  diet  such  as  fish,  sausages,  ham,  etc.,  as  a  result  of 
putrefaction.  It  is  probable  that  the  active  poisons  of  typhoid,  of 
Asiatic  cholera,  and  of  many  other  diseases,  are  of  this  nature. 

TJie  alhuinoses  seem  to  be  alike  in  composition  with  those  developed 
in  peptic  digestion.  They  are  a  common  cause,  apparently,  of  the 
phenomena  of  various  diseases  such  as  diphtheria,  anthrax,  etc.  The 
snake-poison  is  of  this  nature. 

The  enzymes  or  feiimnts  are  secreted  by  a  large  number.  They  are 
not  poisonous  in  themselves,  but  by  acting  upon  proteids  convert  these 
into  albumoses  which  are  highly  poisonous. 

The  history  of  the  subject  of  bacterial  poisons  really  begins  (1856)  with  the  pub- 
lication of  Panura's  paper  on  the  poison  of  putrid  flesh  (No.  631).  He  came  to  the 
conclusion  that  the  putrid  poison  from  the  flesh  of  the  dog  is  not  volatile,  that  it  is 
not  destroyed  by  boiling,  that  it  is  soluble  in  water  but  not  in  alcohol.  Further, 
that  the  albumin-like  substances  present  in  the  liquids  from  such  putrid  flesh  are  not 
in  themselves  poisonous,  but  that  the  poisonous  properties  depend  on  a  substance 
mixed  with  them.  He  found  the  intensity  of  this  poison  to  be  very  great,  compar- 
able in  this  respect  to  snake-poison,  curare,  and  certain  vegetable  alkaloids. 

When  injected  in  suflBcient  quantity  into  the  jugular  vein  it  induced  violent 
cramps  and  involuntary  evacuation  of  the  bowels  and  bladder.  The  respirations 
were  laboured  and  there  was  pallor,  sometimes  cyanosis,  and  depressed  pulse.     The 
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pupils  were  dilated  and  the  eyeballs  projected.  The  carcases  of  animals  experimented 
upon  putrefied  rapidly. 

In  addition  to  this  putrid  poison,  Panum  was  able  to  separate  a  substance  having 
a  narcotic  action.  This  he  was  enabled  to  do  on  account  of  its  solubility  in  alcohol. 
When  the  dried  residue,  dissolved  in  water,  was  injected  into  the  jugular  vein  of  a 
dog  the  animal  fell  into  a  deep  sleep,  from  which  it  awoke  in  about  twenty-four  hours 
apparently  uninjured. 

Since  then  our  knowledge  of  this  subject  has  greatly  advanced,  chiefly  through 
the  labours  of  Bergman n  and  Schmiedeberg,  Gautier,  Nencki,  Brieger,  Selmi,  Richard- 
son, Martin,  Hunter,  and  others.  But  although  the  information  obtained  of  late 
years  is  a  great  advance  upon  that  of  bygone  times,  yet  it  must  be  confessed  that  we 
have  still  much  to  learn. 


I.   The  Microhal  Alkaloids  or  Ptomaines. 

1121.  The  term  Ptomaine  (irrtofia,  a  cadaver)  was  applied  by 
Selmi  to  certain  chemical  compounds  having  basic  properties,  and 
generated  by  the  action  of  bacteria  on  dead  proteid  matter.  Like 
inorganic  and  vegetable  bases,  they  combine  with  acids  to  form  salts. 
They  are  sometimes  known  as  PutrefacUre  Alkaloids  from  the  fact  that, 
in  their  chemical  constitution,  they  resemble  ordinary  alkaloids  derived 
from  the  vegetable  kingdom.  They  are  built  upon  the  amine  type,  and 
are  to  be  regarded  as  ammonia  substitution  compounds.  They  are 
developed  not  only  during  putrefaction,  but  also  during  the  other 
decompositions  following  upon  the  action  of  bacteria.  In  seeking  for 
an  explanation  of  their  genesis,  the  one  which  seems  most  feasible  is 
that  they  are  among  the  transition  products  which  complex  organic 
substances  pass  through  in  being  broken  up  into  those  which  are  less 
complex,  the  final  products  being  carbonic  acid,  ammonia,  and  water. 
The  variety  of  combinations  the  carbon  atom  may  take  part  in  during 
its  long  progress  towards  this  end  is  truly  marvellous.  At  one  time 
it  enters  into  the  constitution  of  a  violent  poison,  at  another  the 
substance  of  which  it  forms  part  is  quite  inert. 

Brieger  (No.  632)  found  that  it  is  only  in  the  early  stages  of  putre- 
faction that  these  ptomaines  prevail.  They  appear  about  the  seventh 
day  of  putrefaction.  After  eight  or  ten  days  the  only  remaining  pro- 
duct which  might  be  called  toxic  is  ammonia. 

Nencki  (No.  357)  appears  to  have  been  the  first  to  isolate  a  member 

of  the  group  in  a  pure  condition,  and  to  determine  the  first  formula. 

It  was  obtained  from  decomposing  gelatine,  and  had  the  composition 

CH 
CgHijN  probably  built  up  as  C,jH^<ptt3  _  ^„ 

It  is  isomeric  with  coUidin,  but  differs  from  it  in  other  qualities. 

It  is  Brieger,  however  (No.  358),  to  whom  the  credit  is  due  of 
having  obtained  most  of  them  in  a  pure  state.  He  derived  them  from 
putrefying  fibrin,  meat,  cheese,  gelatine,  yeast,  etc. 

Classification. — Some  of  them  are  violent  poisons,  others  are 
quite  harmless,  and  a  system  of  classification  has  been  founded  in 
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accordance  with  this.  Brieger  restricts  the  term  Ptomaine  to  those 
which  are  non-poisonous,  and  employs  that  of  Toxine  to  those  which 
are  poisonous. 

The  more  oxygen  supplied,  the  less  poisonous  they  appear  to  be. 
Pasteur  asserts  that  those  which  are  developed  with  complete  exclusion 
of  oxygen  are  the  most  toxic  of  all.  Wood  made  out  that  the  quantity 
of  toxine  derived  from  Asiatic  cholera  spirillum  is  much  greater  when 
the  supply  of  oxygen  to  the  organism  has  been  meagre  than  when  it 
has  been  free. 

Another  system  of  classification  is  founded  upon  their  chemical 
composition.  They  all  contain  C,  H,  and  N,  and  some  of  them  are 
composed  exclusively  of  these  elements.  These  have  accordingly  been 
included  in  one  group.  Another  set,  however,  contains  0  in  addition, 
and  they  have  been  collected  in  another  group. 

(A)  Of  the  7ion-poisonous,  Brieger  (No.  632)  distinguished — 

1.  Neuridin,  C6Hi4Na — very  common,  obtainable  from  puti-efactive  meat,  cheese, 
and  gelatine.  In  specially  large  quantities  from  decomposing  human  organs  after 
three  days.  It  is  a  diamin  which  splits  into  dimethylamin  and  trimethylamin. 
Distinguished  by  forming  a  double  salt  with  picric  acid  difficult  to  dissolve. 

2.  Gadinin,  C7H17NO2  —  obtained  from  decomposed  fish.  Constitution  still 
unknown. 

3.  Cadaverin,  C6H14N2 — from  decomposed  cadaver.  Traces  found  from  fourth 
day  onwards,  becoming  more  abundant  at  tenth  to  twelfth  day.  Has  a  disagreeable 
odour  like  coniin. 

4.  Putresdn,  C4HiaN2 — resembles  the  foregoing. 

5.  Saprin,  with  same  composition  as  cadaverin,  but  distinguished  from  it 
by  the  properties  of  its  HCl  compound  and  those  of  its  gold  salt 

6.  Cholin,  C5H15NO2 — found  in  first  days  of  decomposition  of  cadavera.  Is  to 
be  reckoned  as  Trimcthyloxiithylammoniumoxydhydrate  (CH8)3 .  N .  OH .  C2H4 .  OH. 
Apparently  a  product  of  disintegration  of  lecithin. 

The  majority  of  these  cadaveric  ptomaines  are  diamines  and  are  of  simple  com- 
position. They  difier  in  these  respects  from  the  vegetable  alkaloids.  Most  of  them 
are  free  from  poisonous  properties.}  ^One,  mydalein,  however,  is  toxic. 

(B)  Of  the  poisonous  he  distinguished  the  following  : — 

1.  Peptotoxin,  the  poisonous  principle  of  many  peptones.  It  is  a  product,  for 
instance,  of  the  artificial  digestion  of  fibrin  by  gastric  juice.  Composition  unknown. 
Frogs  and  rabbits  die  under  its  influence  with  paralysis  and  insensibility.  Can  also 
be  produced  by  the  peptonising  action  of  bacteria  upon  albumin,  although  this  is 
not  definitely  proven. 

2.  Neurin,  CjHisNO— obtained  from  putrefying  meat  after  five  to  six  days. 
Formerly  often  mistaken  for  cholin,  but  is  distinguished  from  it  by  possessing  one 
molecule  less  water.     Is  to  be  regarded  as  Trimethylvinylammoniumoxydhydrate 

CH2 
(CH3)8 .  CjHo .  N .  OH  (Vinyl  group  =   II       ).     Neurin  is  poisonous  for  frogs  and 

CH- 
mammals  in  small  doses.     For  1  kilo  cat  the  fatal  dose  is  5  milligr.     The  symptoms 
are  salivation,  dyspnoea,  acceleration  followed  by  sinking  of  heart's  action,  marked 
intestinal  peristalsis  with  diarrhoea,  and  lastly,    convulsions   and  collapse.     The 
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features  of  tlie  })oi.soDOU8  symptoms  approach  nearest  to  those  of  muscarin.     Atropin 
is  the  best  antidote. 

It  is  probably  derived  from  the  eholin  of  lecithin  by  separation  of  water,  and 
this  separation  seems  to  proceed  under  the  influence  of  several  bacteria  of  putre- 
faction. 

3.  A  substance  similar  and  isomeric  ^vith  sethylendiamin  with  the  formula 
C.iH4(NH2)2.     Derived  from  the  putrefaction  of  fish. 

4.  Muscarin,  CsHigNOs — long  known  as  a  product  of  poisonous  mushrooms.  An 
oxidation  derivative  of  eholin.  Found  by  Brieger  also  as  a  product  of  fish  putre- 
faction. 

5.  After  a  lapse  of  seven  days,  better  after  two  to  three  weeks'  continnancc  of 
putrefaction,  Brieger  found  toxic  bases  in  cadavera.  Two  ptomaines  are  recog- 
nisable whose  analysis  has  as  yet  not  been  completed.  Tlie  one  induces  copious 
diarrhoea  in  rabbits  ;  the  other,  named  mydalein,  induces  dilatation  of  the  pupil, 
injection  of  vessels  of  the  ear,  elevation  of  temperature,  copious  salivation  and 
diarrhoea,  lastly,  )>anting  respiration,  lowering  of  temperature,  and  death. 

After  fourteen  days'  decomposition  he  found  the  substance  Mydalein,  a  substance 
which  differs  from  the  foregoing  in  having  a  specific  toxic  action.  From  a  cadaver 
kept  at  a  temperature  of -9"  to  4- 5**  for  four  months,  he  isolated  the  substance  My- 
dine  (CgHjiNO),  the  toxic  substance  Mydatoxine  (CgHjjNOa),  also  the  poison 
Methyl-g^anidin. 

The  poisonous  principle  contained  in  mussels  is  Mytilotoxin  (C5H15NO2). 

Sepsin  was  separated  originally  from  putrid  yeast  by  Bergmann  and  Schniiede- 
berg  (No.  50,  vi.  1868,  p.  497),  afterwards  from  putrefying  blood  as  a  sulphate. 
Dissolved  in  water  and  injected  into  the  jugular  vein  of  a  dog,  it  induced  vomiting 
and  diarrhoea  with  evacuation  of  blood.  It  is  not  found  in  pus.  Its  composition 
remains  unknown,  as  it  has  never  been  obtained  in  suflicient  quantity.  It  must  not 
be  confounded  with  Panum's  putrid  poison,  which  probably  was  an  impure  sub- 
stance. 

(C)  From  pi/re  cidture^  of  specific  hade^'ia  Brieger  was  able  to  isolate 
the  following  bases  : — 

1.  The  bacilli  of  typhoid,  cultivated  on  beef- tea,  do  not  call  forth  any  indica- 
tions of  putrefaction  ;  there  is  an  absence  of  development  of  H^S,  indol,  and 
phenol.  A  new  ptomaine,  however,  can  be  obtained  from  the  culture  whose  gold 
double  salt  was  easily  isolated,  but  whose  further  analysis  is  as  3'et  unknown.  It 
caused  salivation  in  guinea  -  pigs,  rapid  breathing,  dilatation  of  the  pupil  and 
diarrhoea.  The  post-mortem  examination  showed  the  heart  to  be  in  a  state  of  systolic 
contraction. 

2.  Staphylococcus  pyogenes  aureus,  cultivated  on  beef-tea  retained  at  a  tem- 
perature of  aO^-SS"  C.  for  something  like  four  weeks,  furnished  a  base  which  was  harm- 
less, which  did  not  unite  with  gold  chloride,  but  which  formed  a  crystalline  compound 
with  platinum  chloride  capable  of  being  analysed.     Nothing  further  known. 

3.  Tetanus. — By  mixing  the  hashed-up  flesh  and  pus  from  a  tetanic  auimal  he 
was  able  to  isolate  (a)  a  base  having  the  formula  C13H30AS52O4,  to  which  he  gave  tlu^ 
name  Tetanine.  If  a  sufficient  quantity  of  this  is  introduced  into  the  system  of 
animals  they  die  soon.  (6)  Another  toxine,  which  he  named  Tetanotoxine,  having 
the  formula  CgHijAz.  Its  physiological  effects  are  the  same  as  the  foregoing- 
Finally,  four  other  substances,  namely,  Cadayerine,  Putrescine,  SpasmotoxuM, 
and  a  fourth  having  the  property  of  determining  abundant  salivaiy  and  lacrymal 
secretion. 


CHAP,  xciv  CHEMICAL  PRODUCTS  OF  BACTERIAL  GROWTH     989 

5.  Cholera. — Brieger  found  cadarerin  in  cnltures  of  the  comma  bacillus.  In 
older  cultures  he  alao  found  pntrescine.  These,  however,  are  not  poisonous  ;  they  are 
common  products  of  putrefaction.  Besides  these  he  believed  that  the  cultures  con- 
tained two  poisonous  substances,  one  of  them  being  a  diamin. 

Nicati  and  Rietsch  (No.  40,  xcix.  1884,  p.  928  ;  also,  No.  633)  drew  attention 
to  the  effects  produced  on  animals  by  the  products  resulting  from  the  growth  of  the 
comma  bacillus.  They  believed  that  the  cultures  contained  a  poisonous  substance. 
This  when  injected  into  the  circulation  of  dogs  gave  rise  to  effects  which  chiefly 
influenced  motion.  The  animal  w^as  unable  to  stand  or  walk,  apparently  from 
motor  paralysis.  Petri's  researches  tend  to  show  that  among  other  products  of  the 
action  of  the  spirillum  of  Asiatic  cholera  there  are  poisonous  bases  and  a  proteid. 
The  latter  induces  rapidly  fatal  symptoms  in  guinea-pigs,  chiefly  muscular  tremoi*s 
and  paralysis.  He  attributes  the  symptoms  of  cholera  to  this  rather  than  to  the 
bases. 

5.  Tubercle. — The  glycerine  extract,  or  Tuberculin,  of  a  culture  of  tubercle 
bacillus  contains  substances  having  a  highly  important  physiological  action.  The 
same  substance  or  substances  can  be  extracted  from  tubercular  tissues  (Crookshank, 
No.  192,  xlii.  1891,  p.  337). 

Crookshank  and  Herroun  (No.  6,  1891,  i.  p.  401)  have  sejmratcd  a  ptomaine  and 
an  albumose  from  the  crude  glycerine  extract  of  cultures.  When  the  ptomaine  is 
injected  hypodermically  into  tubercular  guiuea-pigs  it  induces  a  rise  of  temperature  ; 
in  healthy  animals  slight  indication  of  depression  of  temperature.  The  albumose 
excites  a  marked  rise  of  temperature  in  tuberculous  guinea-pigs.  In  one  instance, 
in  a  healthy  animal,  it  also  brought  about  a  fall  in  the  temperature.  The  effect  on 
the  tuberculous  glands  in  the  cases  associated  with  rise  in  temperature  was  to  render 
them  well  defined,  indurated,  and  painful. 

6.  Glanders. — Kalning  of  Dorpat  has  prepared  a  similar  extract  from  cultures 
of  bacillus  mallei.  It  goes  by  the  name  of  Mallein.  It  is  sent  out  from  the  Pasteur 
Institute  in  two  forms.  In  the  first  the  mallein  is  dilute,  and  has  the  appearance 
of  a  pale  trans^iarent  straw-coloured  liquid.  This  retains  its  activity  for  about  a 
fortnight  if  the  tubes  in  which  it  is  contained  are  kept  in  the  dark  and  unopened. 
The  second  is  concentrated  mallein,  a  thicker  deeper-coloured  liquid.  Before  u.se  it 
must  be  diluted  by  adding  nine  times  its  volume  of  a  J  per  cent  solution  of  carbolic 
acid  in  water.  The  prescribed  dose  (Hunting  and  M'Fadyeau,  No.  445,  v.  1892,  p. 
316)  for  a  horse  is  2^  c.c,  and  the  best  seat  for  injection  the  middle  of  the  side  of 
the  neck. 

When  injected  into  a  glandercd  horse  it  causes  a  marked  rise  of  temperature. 
In  an  animal  with  an  initial  temperature,  for  instance  of  lOr  F.,  it  rose  to  105^  F. 
In  a  healthy  animal  the  rise  in  temperature,  if  any,  is  almost  imperceptible.  Hence 
it  has  been  considerably  employed  in  the  diagnosis  of  obscure  and  suspected 
glanders  disease. 

As  in  the  case  of  tuberculin,  it  causes  considerable  local  reaction.  The 
glanders  swellings  sometimes  become  still  more  swollen,  and  in  nearly  all  instances 
painful.     When  pure,  it  never  confei's  the  disease  itself. 

Finger  asserted  (No.  492,  vi.  1889,  p.  375)  that  he  had  rendered  the  cat  and 
dog  immune  to  glanders  by  rei)eated  subcutaneous  injection  of  sterilised  glanders 
cultures. 

7.  Anthrax. — Hoffa  (No.  634)  obtained  small  quantities  of  a  ptomaine  which 
proved  toxic  to  frogs,  rabbits,  and  guinea-pigs,  from  pure  cultures  of  anthrax  in 
meat  broth.  A  proteid,  an  albumose,  was  isolated  by  Hankin  (No.  6,  1889,  ii.  p. 
810;  Ibid.y  1890,  ii.  p.  65  ;  No.  59,  1891,  ii.  p.  339),  and  Martin  (No.  161,  1889-90, 
p.  235  ;  also  /6w/.,  1890-91,  p.  2r>5)  found  two  such  bodies  which  he  says  resemble 
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the  proto-  and  the  deutero-albumose  of  peptic  digestion.  M&rtin  asserts  that  the 
chemical  products  formed  by  the  bacillus  inside  the  body  of  an  animal  made  the 
subject  of  anthrax  are  the  same  as  those  produced  by  the  bacillus  outside  the  animal 
body,  namely,  anthrax  proto-  and  deutero-albumose  and  a  specific  base  provisionally 
called  an  alkaloid.  It  is  the  alkaloid  which  causes  death.  The  large  amount  of  it 
found  in  the  tissues  of  the  sheep  compared  with  the  amount  of  albumoses  demon- 
strates this. 

In  a  later  communication  (No.  6,  1892,  i.  p.  641)  he  says  the  anthrax  alkaloid  is 
an  amorphous  yellow  body,  with  alkaline  reaction,  soluble  in  alcohol  and  precipitated 
by  many  reagents  which  throw  down  alkaloids,  but  not  by  Mayer's  solution. 

The  following  table  drawn  up  by  Vaughan  and  Novy  (No.  630,  p.  278)  gives  a 
synopsis  of  the  bodies  of  the  basic  class  which  as  yet  have  been  isolated  or  which  are 
presumed  to  exist  in  bacterial  poisonous  secretions  : — 

TABLE  OF  PTOMAINES. 


Formula. 

Name. 
Methylamine 

Discoverer. 

Physiological  action.i 

CHsN 

Bocklisch 

Non-poisonous 

ajijS 

Dimethylamine 

Brieger 

1 

QjH^x 

Trimethylamine 

Dessaigncs 

CJJ..X 

Spermine  (?) 

Kunz 

C.H;N 

Ethylamino 

Hesse 

C.HuN 

Diethylamine 

Bocklisch 

C,H,.X 

Triethylamine 

Brieger 

Q,HbX 

Propylamine 
Butylamine 

>j 

C,H„N 

Gautier  and  Mourgues 

Poisonous  (?) 

C,H,,X(0 

Tetanotoxine 

Brieger 

)* 

C.H„N 

Amylamine 

Hesse 

>> 

CHi^N 

Hexylamiiie 

»> 

tt 

CrHiiK 

Dihydrolutidine 

Gautier  and  Mourgues 

ti 

Q«H„X 

Collidine  (?) 

Nencki 

C«IJ„X 

Pyridine  base  (?) 
HydrocoUidine  (?) 

0.  de  Coninck 

WI„N 

Gautier  and  Etard 

Poisonous 

C„H„N 

Parvoline  (?) 

>»         >»       >j 

CVHisN 

Unnamed 

Guareschi  and  Mosso 

Poisonous 

CM,Hi,K 

Pyridine  base  (?) 

0.  de  Coninck 

OimHi^N 

Hydrocoridine  (?) 

Griffiths 

C«aH,„N 

Unnamed 

Delezinier 

CaH«N, 

Ethyli<lenediamine  (?) 

Brieger 

Poisonous 

CaH^N, 

Trimethylenediamine  (?) 

,, 

„ 

CWi.N. 

Putrescine 

t> 

Not  very  poisonous 

CJIhN, 

Cadaverine 

)> 

»»      >i          "       1 

C.HhX, 

Xeui-idine 

Non-iK)isonoiis 

anuK. 

Saprine 

>> 

tVHioN, 

Unnamed 

Morin 

it 

Cir>H,^N,(?) 

Siisotoxine 

Novy 

Poisonous 

C.H:N, 

Methylguanidine 

Brieger 

»» 

Cwii^y, 

Morrhuine 

Gautier  and  Mourgues 

Diuretic,  etc 

C„H.>,N4 

Unnamed 

Oser 

1 

niTH^^N^ 

; ) 

Gautier  and  Etard 

CwHa^Xj 

Aselline 

Gautier  and  Mourgues 

Poisonous              1 

CsHiaNO 

Neurine 

Brieger 

>> 

C^HiiNO 

My  dine 

)i 

Non-poisonous 

^  Only  those  bases  are  here  denoted  as  poisonous  which  possess  a  decided  toxicit.v- 
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Formula. 


Name. 


CsHiiNOa  '  S-amidovalerianic  acid 

CftHisNOs  ,  Clioline 

CcHisNOa  I  Mydatoxine 

CsHisNOj  Unnamed 


C7H17NO2 
C7H17NO2 

CyHiyNOa 

i  CuH^NOa 
CaHiaNO, 
C5H15NO, 
CftHiaNOs 

^6Hi2N204 

C,3H3oNa04 

Ci4H3oN204 

CrHwNaOg 


I  Mytilotoxine 

Gadinine 

Typhotoxine 

Unnamed 
!  Pyocyanine 

Betaine 

Muscarine 

Morrhuic  acid 
j  Unnamed 
!  Tetanine 

Unnamed 


i  Try otox  icon 
Mydaleine 

I  Spasmotoxine 
A  diamine  ( ?) 
Peptotoxine 

I  Phlogosine 


Discoverer. 


E.  and  H.  Salkowski 
Brieger 

\\       1888  (tetanus 
cult) 


Ledderhose 
Brieger 

j> 
Gautier  and  Mourgues 
Pouch et 
Brieger 
Guareschi 
Pouchet 


Vaughan 
Brieger 


(tetanus  cult) 


Leber 


Physiiological  action. 

Non-ix)i8onous 
Poisonous 

»» 
Non-poisonous 

Poisonous 

Non-poisonous 

Poisonous 

Poisonous 

Poisonous 


Inflammatory 


Ij'Hcommnes  {kevx^fm,  white  of  egg), 

1122.  The  term  was  applied  by  Gautier  (No.  628)  to  all  (hose 
organic  bases  formed  in  ike  body  during  life  and  in  the  course  of  natural 
metabolism.  They  are  closely  allied  to  the  ptomaines.  Many  of  them 
have  been  known  as  abstract  excrementitious  substances.  Our  know- 
ledge of  their  relationship  to  the  bacterial  alkaloidal  bases  is  a  matter 
of  later  development 

They  are  divided  into  (1)  the  Uric  acid  group,  and  (2)  the  Creatinine 
group.  According  to  Vaughan  and  Xovy  (Xo.  630,  p.  282),  the 
members  of  the  first  group  are  the  following : — 


Adenine 

Hypoxanthine 

Guanine 

Xanthine 
(Uric  acid 
Heteroxanthine 

Paraxanthine 

Caniine 

Pseudoxanthine 

t\H,N,0 

Gerontine 

C,H„N, 

Spermine 

C'A^^O) 
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Those  of  the  second  group  have  all  been  discovered  by  Gaiitier 
(No.  635),  and  are  regarded  by  him  as  allied  to  creatine  and  creatinine. 


(Creatinine 

(Creatine 

Cruso-creatinine 

Xantho-creatinine 

Amphi-creatine 

Base 

Base 


C,H,N30) 

C,H,N30,) 

C,H,N,0 

^11  "24^  10^5 
^12^25^11^5 


II.   The  Baciaial  Enzymes  or  Ferments. 

1123.  Besides  the  gastric  and  pancreatic  ferments  of  animals 
which  transform  proteids  into  compounds  which  are  soluble  and 
diffusible,  there  are  certain  bodies  developed  by  plant  life  possessed  of 
the  same  properties.  Thus  from  Carica  papaya  the  ferment  papain 
is  derived,  which  exerts  a  digestive  action  on  proteids  analogous 
to  that  of  trypsin. 

Such  enzymes  or  ferments  are  also  formed  in  many  cases  by  the 
mycetes,  and  they  have  not  only  proteolytic,  but  also  diastatic  properti^. 
The  liquefaction  of  gelatine,  which  is  so  e\ddent  a  property  of  this 
class  of  bodies,  is  due  to  the  presence  of  such  an  enzyme.  They  act  in 
an  alkaline  solution,  and  the  quantity  and  character  of  the  enzyme 
secreted  varies  with  the  soil  on  which  the  organism  is  grown.  The 
spirillum  of  Asiatic  cholera,  for  example,  secretes  a  peptonising 
ferment  in  weak  peptonised  meat  juice,  a  diastatic  ferment  in  strongly 
nutritive  solutions. 

These  enzymes  can  be  extracted  with  glycerine. 

Fermi  (No.  476,  x.  p.  1 ;  also,  No.  629,  v.  1892,  p.  481)  has  made 
the  enzymes  which  dissolve  gelatine  and  fibrin  matter  of  special  study. 
Among  other  characteristics  he  finds  that  attempts  to  isolate  enzyme 
in  general  from  the  protein  bodies  with  which  they  happen  to  be 
mixed  are  unsuccessful.  A  temperature  ranging  between  50°  and 
70''  C.  destroys  them  when  they  are  moist.  AVhen  dry  they  will  with- 
stand a  high  tempei-ature  (140°-160°  C.)  better  than  the  spores.  They 
do  not  dialyse  as  the  well-known  enzymes  pepsin,  trypsin,  and  invertin 
do.  They  are  active,  as  a  rule,  in  nitrogen,  carbonic  acid,  carbonic 
oxide,  hydrogen,  and  sulphuretted  hydrogen.  Those  of  M.  prodigiosus, 
B.  pyocyaneus,  and  Koch's  vibrio  are  aflbcted  prejudicially  by 
sulphuretted  hydrogen.  Only  a  few  bacterial  ferments  act  upon 
fibrin  ;  they  are  powerless  in  dissolving  egg  albumin  or  casein.  He 
has  failed  to  find  an  organism  which  forms  a  fibrin-dissolving  ferment 
in  presence  of  an  acid.  This,  however,  is  not  to  be  wondered  at  when 
one  reflects  that  all  known  micro-organisms,  with  the  exception  of 
some  yeasts  and  moulds,  as  well  as  the  different  kinds  of  animal  cells. 
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if  we  exclude  the  secreting  celk  of  the  stomach,  can  live  only  in  alkaline 
or  neutral  media. 

The  ferment-forming  bacteria  shed  their  ferments  into  dissolved 
and  undissolved,  peptonised  and  simple  albumin.  Less  ferment  is 
produced  upon  beef-tea  than  upon  nutritive  gelatine. 

He  supposes  that  these  ferments  do  not  exert  a  deleterious  influence 
within  the  living  body.  They  have  nothing  in  conunon  with  toxines  ; 
toxines  are  crystallisable  and  soluble  in  alcohol.  The  difference  between 
them  is  also  borne  out  by  the  fact  that  many  of  those  bacteria  which 
secrete  toxines  do  not  secrete  enzymes,  and  vice  versd.  Thus  out  of  141 
well-known  toxin -secreting,  that  is  to  say,  pathogenic  organisms,  he 
found  only  26  which  secreted  an  enzyme,  and  of  134  which  are 
ferment-secreting,  only  25  which  also  secreted  toxines.  These  enzymes 
can  be  injected  into  the  system  of  the  mouse  and  rabbit  with  impunity  ; 
after  twenty-four  hours  no  trace  of  them  is  to  be  found.  They  resist 
the  action  of  carbolic  acid  and  corrosive  sublimate  better  than  spores. 

III.  The  Badeiial  Alhumoses  or  Tox-Albumins. 

1124.  If  certain  bacilli  such  as  that  of  anthrax  are  grown  on  a 
medium  resembling  in  composition  the  liquids  and  solids  of  the  body 
(animal  proteid  and  mineral  salts)  they  throw  out  an  enzyme  which 
digests  the  proteids  with  the  formation  jof  products  resembling  those  of 
peptic  and  tryptic  digestion.  There  is  this  difference,  however,  be- 
tween the  two  (S.  Martin,  No.  6,  1892,  i.  p.  641),  namely,  that  the  final 
result  in  the  case  of  the  bacterial  action  is  a  basic  body,  a  ptomam. 
Thus :— 


Primary  A^ent  or       I 
Priiiiarj' Infective  Agent.  I 


Feniieiit. 


Living  cell. 
Living  cell. 


Pepsin. 
Trypsin. 


Bacillus  anthracis        (Anthrax  digestion). 


Digestive  Prtxluct^. 


Syntonin  ;  betero-albumose  ;   i)roto- 

albumose  ;  dcutero-albumose  ;  i>ep- 

tone. 
Globulin -like  body;   tryptone  (l>ep- 

tone) ;  leucin  ;  tyrosine  ;   a  bitter 

body. 
Hetero-albumose  ;    proto  -  allmmose  ; 

deutero-albumose  ;  |>eptone ;  leucin  ; 

tyrosine  ;  alkaloid  (base). 


Albumoses,  as  the  table  shows,  are  among  these  products.  They 
constitute  the  most  virulent  of  jwisons,  and  are  identical  with  the 
venom  of  poisonous  snakes.  One  very  active  albumose  is  secreted  by 
the  anthrax  bacillus,  others  are  found  in  organs  taken  from  cases  of 
diphtheria,  etc.  (pp.  20,  26). 

Literature   on  Bacterial  Poisons. — Aitken :    On    the   Animal  Alkaloids,    18S9. 
Anderson  (Fermentation  and  Ptomaines) :  Gaillanl's  M.  J.  X.  Y.,  xlil  1886,  p.  234  ; 
VOL.  II  3  S 
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Ibid.,  xliv.  1887,  p.  325.  Arloing  (Anthrax) :  Compt  rend.  Acad.  d.  sc.,  cxiv.  1892, 
p.  1521.    Arnaud  and  Charrin  (Microbal  Secretions) :  Compt.  rend.  Soc.  de  biol., 

IV.  1892,  p.  495.  Barinsky  and  Stadthag^en  (Poisonous  Products  of  Intestinal 
Micro-oi^nisms) :  Berl.  klin.  Wochnschr.,  xxvii.  1890,  p.  294.  Bouchard  (Intes- 
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Presence  of  Indol  in  Cultures. 

1125.  The  presence  of  indol  in  the  media  upon  which  an  organism 
is  growing  is  an  important  guide  to  its  identification.^  Its  presence  is 
indicated  by  a  mineral  (nitric)  acid,  giving  more  or  less  of  a  red 
reaction;  or  what  is  preferable,  by  the  following  test:  To  10  cc.  of 
the  culture  liquid  add  1  cc.  of  a  solution  of  nitrate  of  potash  (2 
centigrammes  to  the  1 00  grms.  water),  and  then  treat  with  a  few  drops 
of  pure  sulphuric  acid.  If  indol  is  present  the  liquid  colours  from  a 
rose  tint  to  a  deep  red  colour.  Kitasato  (No.  366,  viL  1889,  p.  515) 
finds  that  the  media  on  which  the  undernoted  organisms  are  grown 
give  the  reaction — 

Spirillum  of  cholera. 
Bacterium  of  fowl  cholera. 

*  See  Cholera^  p.  651. 
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Bacillus  of  septicaemia  of  rabbit. 

Bacillus  of  swine  cholera. 

Bacillus  of  tetanus. 

Bacillus  of  symptomatic  anthrax. 

Septic  vibrio. 

Finkler's  spirillum. 

Bacillus  lactis. 


Nitrification — Reduction  of  Nitrates — and  Absorption 
OF  Free  Nitrogen. 

1126.  Nitrification. — Nitric  acid  is  generally  admitted  to  be 
one  of  the  most  important  plant  foods  in  the  soil.  The  quantity  of  it 
to  be  found  in  the  soil,  however,  is  comparatively  small.  This  is  said 
to  be  due  to  its  being  so  readily  absorbed  by  plant  life,  and  to  its  being 
easily  washed  away.  Soil  converts  the  nitrogen  of  organic  substances 
into  nitric  acid.  As  shown  by  Schloesing  and  Miintz,  this  power  is 
dependent  upon  the  microbes  in  the  soil,  for  when  those  naturally 
present  within  it  are  destroyed  by  antiseptics  or  otherwise,  the  soil 
loses  this  property. 

Accoi-ding  to  Frankland  (No.  636,  xlvi.  1892,  p.  136),  there  are 
two  kinds  of  nitrifying  bacteria,  namely,  (1)  those  which  produce 
nitrous  acid,  and  (2)  those  which  transform  this  into  nitric  acid. 
The  first  set  converts  ammonia  into  nitrous  acid,  the  second  set  carries 
this  a  step  further.  The  members  of  the  second  set  have  no  influence 
over  ammonia. 

Winogradsky's  experiments  go  to  show  that  these  nitrifying 
bacteria  can  take  up  nourishment,  multiply,  and  form  protoplasm 
from  a  solution  destitute  of  organic  matter.  It  was  held  formerly 
that  this  was  exclusively  a  property  of  organisms  which  contained 
chlorophyll.  They  further  refuse  to  grow  on  ordinary  solid  culture 
media,  but  Kiihne  has  overcome  this  difficulty  by  employing  entirely 
mineral  ingredients  converted  into  a  jelly-like  consistence  by  silica  ^ 
(Frankland). 

Reduction.— Laurent  (No.  423,  iv.  1890,  p.  722)  finds  that 
germinating  seeds  of  different  kinds,  the  tubers  of  potato,  and  several 
fruits  have  the  power  of  reducing  nitrates.  He  supposes  that  this 
property  in  the  higher  plants  is  due  to  a  substance  contained  in  them. 
And  shows  that  it  continues  even  if  the  vitality  of  the  plant  is  destroyed. 
Similar  properties  are  possessed  by  algae  and  fungi,  and  in  a  high 
degree  by  bacteria.  Yeasts  do  not  manifest  this  function  to  any 
marked  extent. 

Deh^rain  and  Maquenne,  Gay  on  and  Dupetit,  Frankland  and 
WaiTington,  more  especially  the  last  two,  have  shown  that  a  large 

*  Ammonium  sulphate,  potassium  phosphate,  magnesium  sulphate,  calcium  chloride, 
oiaguesinm  carbonate,  and  dialysed  silicic  acid. 
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number  of  bacteria  can  also  reduce  nitrates,  and  Laurent  has  confirmed 
their  observations.  There  is  this  difference,  however,  between  the 
action  of  bacteria  and  such  substances  as  the  tuber  of  potato,  namely, 
that  if  the  vitality  of  the  bacteria  is  destroyed  there  is  never  any 
production  of  nitrites. 

The  nitrites  disappear  when  the  medium  becomes  acid,  and  this 
disappearance  can  be  prevented  by  the  addition  of  a  little  carbonate 
of  lime.     Acids  destroy  nitrites  when  formed  from  any  source. 

Absorption  of  Free  Nitrogen. — PJants  were  until  compara- 
tively lately  supposed  to  gain  their  nitrogen  always  from  that  element 
in  combination.  The  question  has  often  been  asked  whether  there 
was  any  evidence  of  their  absorbing  the  nitrogen  which  is  free  in  the 
atmosphere  directly  into  their  substance,  and  always  until  lately 
answered  in  the  negative.  The  works  of  Frank,  Hellriegel,  and 
Wilfarth,  Lawes,  Berthelot,  Gilbert  and  Pugh,  Schloesing  and 
Laurent,  and  others,  have  demonstrated  not  only  that  this  is  a  pos- 
sibility, but  that  with  certain  legumes  and  green  plants  low  in  the 
scale  it  takes  place  freely. 

Upon  the  roots  of  certain  legumes  (pea)  there  are  to  be  found 
tuberosities,  whose  purpose  heretofore  had  always  been  more  or  less 
of  a  mystery.  Recent  investigation  has  gone  to  prove  beyond  a 
doubt  that  they  are  organs  for  the  absorption  of  free  nitrogen.  They 
swarm  with  bacteria,  and  apparently  it  is  through  their  instrumen- 
tality that  the  absorption  is  effected.  By  them  it  is  passed  into  the 
substance  proper  of  the  plant. 

These  bacteria,  according  to  Berthelot  (No.  40,  cxvi.  1893,  p. 
842),  can  also  abstract  theii*  nitrogen  from  organic  compounds,  and  will 
do  so  by  preference  if  they  are  freely  supplied  with  it  in  that  form. 
Indeed,  they  flourish  best  on  such  a  basis.  It  is  only  when  they  are 
forced  to  do  so  that  they  abstract  it  from  the  atmosphere. 

Immunity. 

1127.  Probably  from  the  remotest  times  it  has  been  a  matter  of 
common  observation  that,  in  a  large  majority  of  the  infectious  fevers, 
the  afflicted  individual,  after  recovery,  enjoys  a  more  or  less  complete 
immunity  from  a  future  attack.  The  acquired  immunity  lasts  from  a 
few  months  up  to  the  remainder  of  a  lifetime.  The  period  varies 
according  to  the  disease  and  the  idiosyncrasy  of  the  individual.  Thus 
an  attack  of  measles  in  childhood  may  fairly  be  supposed  to  exempt 
the  subject  of  it  from  a  second  attack,  and  this  holds  good  as  well  of 
scarlet  fever,  typhoid,  typhus,  and  practically  also  of  smallpox. 

The  same  may  be  asserted  of  most  of  the  contagious  diseases — that 
is  to  say,  those  diseases  conveyed  by  actual  contact,  not  through  the 
intermediation  of  the  atmosphere.  In  fact,  the  presumption  is  legiti- 
mate that  they  all  come  under  this  category,  with  the  quahfication 
that  the  truce  enjoyed  varies  in  point  of  duration. 


CHAP,  xciv  IMMUNITY  997 

But  there  is  another  equally  well-recognised  fact  bearing  upon  this 
subject,  namely,  that  certain  species  of  animals  are  prot^ted  naturally 
against  infectious  and  contagious  disease  to  which  others  of  near  kin- 
ship fall  a  prey.  Many  of  the  diseases  of  this  class  having  their 
stronghold  in  the  system  of  Man  are  unknown  as  diseases  of  the  lower 
animals,  and  contrariwise.  The  ordinary  sheep  takes  anthrax  readily, 
but  it  is  with  the  greatest  difficulty  that  the  disease  can  be  inoculated 
upon  the  Algerian  sheep.  There  is  no  animal  to  which  anthrax  can  be 
conferred  so  readily  as  the  mouse,  yet  the  adult  rat  is  almost  quite 
immune.  Tubercle  is  a  disease  practically  unknown  in  the  ordinary 
sheep,  yet  the  cow  is  very  susceptible  to  it. 

What  this  acquired  and  this  natural  immunity  are  dependent  upon 
has  remained  till  recently  a  complete  mystery.  We  cannot  be  said 
even  yet  to  have  a  thorough  knowledge  of  how  it  comes  about,  but  a 
good  deal  of  information  has  lately  been  acquired. 

Vaccines. — Various  attempts  were  made  upon  purely  empirical 
grounds,  in  bygone  times,  to  protect  the  system  from  infectious  and 
contagious  disorders,  in  none  with  more  success  than  in  the  case  of  the 
adoption  of  vaccination  against  the  smallpox.  Still  we  have  no 
conception  how  vaccination  acts  in  bringing  about  this  desirable  state 
of  body.  We  are  not  even  agreed  about  the  relationship  of  cow-pox 
to  smallpox.  Numerous  as  have  been  the  endeavours  to  confer  small- 
pox upon  the  cow,  it  cannot  be  said  that  any  one  of  these  has  been 
attended  with  success.  There  are  thus  some  grounds  for  affirming 
that  the  two  diseases  are  essentially  different,  although  so  far  related 
that  the  one  acts  as  a  protection  against  the  other. 

Vaccination  with  the  Microbe. — The  earliest  attempts  to 
prepare  vaccines  (dr)  artificially  were  directed  to  attenuating  the 
virulency  of  the  microbes  which  are  the  cause  of  contagion,  with  the 
purpose  in  view  of  utilising  these  for  inoculation  purposes.  The  fact 
that  a  disease  microbe  may  exist  with  various  degrees  of  virulency,  and 
that,  when  in  an  attenuated  condition,  it  may  still  act  as  a  protective, 
was  first  demonstrated  by  Pasteur.  In  a  note  to  the  French  Academy 
he  described  how  the  virus  of  fowl  cholera,  a  peculiarly  destructive 
malady  prevailing  in  the  poultry  yards  around  Paris,  can  be  attenuated 
by  long  exposure  of  an  artificial  growth  of  the  organism  to  air.  It 
becomes  so  diluted  that  perhaps  only  one  in  t^n  animals  dies  when 
infected  by  it,  and  a  stage  is  at  length  reached  in  which  the  virus  does 
not  kill,  but  nevertheless  plays  the  part  of  a  vaccine.  He  assumed  that 
the  attenuating  agent  was  the  prolonged  contact  with  the  atmosphere. 

Similar  experiments,  as  already  detailed,  were  made  with  anthrax 
(vol.  i.  p.  141).  Since  then  it  has  been  found  that  most  pathogenic 
organisms  become  attenuated  when  grown  out  of  their  natural  habitat, 
and  some  of  these  in  their  diluted  condition  have  been  employed  as 
vaccines.  Tubercle  is  an  exception  to  this  general  statement.  It  is 
apparently  as  virulent  after  being  grown  for  a  succession  of  genera- 
tions as  it  was  when  removed  from  the  original  host. 
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Chemical  Vaccination. — Later  on,  however,  another  method  of 
vaccinating  was  introduced,  namely,  that  of  employing  the  products 
elaborated  by  the  microbe  rather  than  the  microbe  itself.  It  is  kno^Ti 
as  chemical  mccina^ion  in  contrast  to  that  just  described,  which  is  usually 
termed  vaccination  with  the  microbe. 

The  general  results  of  this  method  bear  out  that,  in  order  to  render 
an  animal  immune  against  a  particular  contagious  malady,  it  is  un- 
necessary to  employ  the  microbe  itself.  The  chemical  products  are 
sufficient  to  procure  the  desired  end.  The  procedure,  in  addition,  is 
one  fraught  with  less  danger,  although  the  immunity  in  most  cases  is 
not  so  lasting  as  when  the  microbe  itself  is  used.  Vaccination  Anth 
the  microbe  is  always  attended  by  the  difficulty  that  the  organism  may 
have  reassumed  a  state  of  viruleney. 

Separation  of  the  Chemical  Products. — The  means  adopted 
for  separating  the  chemical  products  from  the  organism  are  various. 
Among  the  earliest  was  that  of  filtration  through  porcelain.  Heating 
up  to  a  high  temperature  has  also  been  employed,  but  the  procedure 
may  destroy  the  vitality  of  the  microbes  only  partially,  and  is  also 
liable  to  injure  the  chemical  substances  it  is  desired  to  retain. 

A  procedure  which,  in  the  hands  of  Roux  and  de  Christmas,  has 
proved  most  serviceable  is  the  mixing  of  certain  essences,  such  as 
those  of  garlic,  mustard,  or  eucalyptus,  with  the  infected  blood  or 
artificial  culture.  These  essences  are  powerful  germicides,  but  leave 
the  chemical  products  unimpaired.  They  are  likewise  volatile,  and 
consequently  after  having  served  their  purpose  can  be  got  rid  of 
readily  by  evaporating  in  racuo.  Anthrax  blood  thus  treated  is 
rendered  harmless  as  a  means  of  conveying  the  disease,  but  neverthe- 
less its  introduction  into  the  system  of  an  animal  like  the  sheep  confers 
an  immunity  more  or  less  durable. 

Chemical  Vaccination  against  Tetanus. — Some  of  the  most 
remarkable  experiments  bearing  upon  the  subject  of  chemical  vaccina- 
tion have  been  made  with  tetanus.  This  disease  is  particularly  well 
suited  for  the  purpose,  for,  like  diphtheria,  the  bacillus  lives  only 
locally  in  the  wound  ;  it  is  not  disseminated  broadcast  throughout  the 
blood  And  tissues.  The  toxic  symptoms  are  due  to  the  absorption  of 
the  tetanic  toxines  secreted  in  the  part  upon  which  the  tetanus 
bacillus  has  taken  hold. 

By  the  use  of  oft^repeated  doses  of  the  filtered  chemical  products 
or  toxines  of  a  growth  of  the  tetanus  bacillus  the  system  gradually 
becomes  inured  to  their  action,  so  that  a  dose  of  toxine  far  beyond 
that  which  otherwise  would  be  lethal  for  the  animal  experimented  upon 
can  be  borne  in  time  by  it  with  impunity.  Thus  Roux  and  Vaillard 
(No.  423,  vii.  1893,  p.  65)  find  that  they  can  inject  3  c.c.  of  a  tetanic 
toxine  solution  on  the  first  day,  5  c.c.  on  the  fifth  day,  and  12  c.c.  on 
the  ninth  day;  and  so  on,  it  is  said,  up  to  a  matter  of  100-120  cc 
always  allowing  an  interval  of  eight  days  between  each  of  the  later 
injections. 
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Immunisation  by  Antitoxic  Serum. — When  this  stage  of 
tolerance  of  the  tetanic  toxine  has  been  reached  a  new  feature  is 
observed,  namely,  that  the  serum  of  the  animal  so  immunised  has  the 
power  of  conferring  this  immunity  upon  a  fresh  host  when  introduced 
into  its  circulation.  The  explanation  usually  given  of  this  power  is 
that  the  presence  of  the  toxine  in  the  blood  has  called  forth  the  forma- 
tion of  a  substance  which  is  inimical  to  it,  which  destroys  or  neutralises 
it,  and  to  which  accordingly  the  name  "  antitoxine  "  has  been  applied. 
Its  source  is  supposed  to  be  the  cells,  probably  the  fixed  cells,  of  the 
tissues.  The  properties  of  the  serum  of  the  blood  of  an  animal  so 
immunised  against  tetanus  are  very  remarkable.  If  equal  parts  of 
such  serum  and  of  tetanic  toxine  suflBcient  to  kill  a  guinea-pig  be 
mixed  and  introduced  into  the  system  of  a  fresh  guinea-pig,  the  animal 
does  not  manifest  any  sign  of  tetanus.  Supposing  that  120  c.c.  of  a 
filtered  tetanic  culture  be  injected  into  a  vein  of  the  ear  of  the  rabbit 
previously  rendered  immune,  the  blood  withdrawn  thirty  minutes  after- 
wards is  foimd  to  be  free  from  toxic  properties  even  when  introduced 
into  the  system  of  an  animal  so  sensitive  as  the  mouse.  It  neverthe- 
less confers  immunity  upon  the  recipient.  And  the  more  toxine  em- 
ployed, provided  sufficient  time  has  been  allowed  to  elapse  after  its 
introduction,  the  more  antitoxic  the  serum  seems  to  become.  It  is 
easy  to  obtain  serums  whose  protective  power  in  this  way  is  extraordi- 
nary. The  immunising  power  of  such  serum  continues,  according  to 
Roux  and  Vaillard,  for  years,  but  becomes  gradually  weaker  and  weaker. 
The  action  of  the  antitoxine  upon  the  toxine  is  instantaneous.  The 
moment  the  mixture  is  made  it  becomes  innocuous.  And  this  happens 
irrespective  of  whether  the  mixture  is  conducted  iri  vitro  or  in  the  blood 
circulating  in  the  body  of  the  experimental  host.  If,  for  instance,  a 
deadly  dose  of  toxine  be  injected  into  the  cellular  tissue  of  one  flank 
of  an  animal  and  an  equivalent  dose  of  antitoxic  serum  into  the  other, 
the  animal,  owing  to  the  unequal  power  of  diffusion  of  the  two  sub- 
stances, may  suffer  for  a  time  from  tetanic  symptoms,  but  these 
rapidly  disappear,  unless  it  be  at  the  point  where  the  toxine  has  been 
injected. 

Immunity  seems  to  be  acquired  immediately  after  the  introduction 
of  a  single  large  dose  of  antitoxic  serum,  and  is  proportional  to  its 
strength,  but  this  form  of  immunity  is  far  less  lasting  than  that 
acquired  gradually  by  the  introduction  of  successive  small  doses  of 
toxine  or  by  the  inoculation  of  an  actual  culture  of  the  tetanus  microbe. 
Each  time  that  the  cells  of  the  organism  are  subjected  to  the  action 
of  the  tetanic  toxine  they  fortify  themselves  for  a  certain  period 
against  its  influence,  and  the  period  seems  to  be  proportional  to  the 
number  and  strength  of  the  doses  employed.  This  would  tend  to 
show  that  while  antitoxic  blood-serum  acts  simply  upon  the  blood, 
owes  its  action,  in  fact,  to  its  antidotal  properties,  and  is  proportional 
to  the  quantity  introduced,  the  repeated  introduction  of  toxine  effects 
some  permanent  influence  upon  the  cells  of  the  body  which  presumably 
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secrete  the  antitoxine.  Such  a  supposition  is  borne  out  by  the  fact 
that  fre<iuent  depletions  of  blood  have  very  little  influence  upon  the 
antitoxic  powers  of  the  serum  of  the  blood  of  an  animal  rendered 
immune  by  repeated  introduction  into  its  circulation  of  diluted  toxine. 

Contrary  to  what  might  be  expected,  the  blood  of  animals  natur- 
ally immune  to  tetanus,  such  as  the  fowl,  has  no  antitoxic  properties. 
Yet  their  blood  can  be  rendered  antitoxic,  like  that  of  other  animals, 
by  the  introduction  of  a  dose  of  tetanic  toxine.  The  immunity  en- 
joyed by  such  animals  in  all  probability  is  not  owing  to  the  naturally 
antitoxic  properties  of  the  blood,  but  is  due  to  some  as  yet  unrevealed 
circumstance.  The  question  of  the  mode  of  formation  of  the  anti- 
toxic substance  is  one  of  much  interest.  In  the  case  of  tetanus  it 
seems  to  be  formed  only  upon  occasion,  and  in  accordance  with  the 
amount  of  tetanic  toxine  introduced.  Is  it  merely  a  modification  of 
this  toxine,  or  is  it  a  new  secretion  ?  We  know  that  it  exists  in  the 
serum  alone  ;  the  blood-clot  is  free  from  it ;  while  other  serous  liquids 
and  the  liquid  excreta  throughout  the  body  show  it  in  various 
degrees  of  concentration.  The  milk  is  rich  in  it ;  milk  acts,  indeed, 
like  blood-serum  as  an  immunising  agent.  For  if  the  suckling  mother 
is  rendered  immune  she  is  capable  of  conferring  her  immunity  to  the 
offspring  through  the  milk.  One  of  the  most  plausible  explanations  is 
that  the  antitoxine  is  secreted  by  special  glands,  such  as  the  thymus, 
thyroid,  or  spleen.  It  is  difficult  to  isolate  these  glands  in  the  living 
body,  and  hence  to  say  in  how  far  any  positive  result  is  due  to  them. 
It  has  been  asserted  by  Brieger,  Kitasato,  and  Wassermann  that 
extract  of  the  thymus  gland  has  a  powerfully  antitoxic  action  over 
the  toxines  of  tetanus,  diphtheria,  typhoid,  etc.  Another  supposi- 
tion is  that  it  is  secreted  by  the  leucocytes  of  the  blood.  But  it 
cannot  be  said  that  we  have  as  yet  any  definite  or  distinct  notion  of 
where  it  is  derived  from. 

Seeing  that  antitoxic  serum  has  so  powerful  an  inhibitory  influence 
on  the  development  of  tetanus,  one  would  naturally  be  anxious  to 
know  whether  it  exerts  a  curative  action  upon  the  disease  when  once 
thoroughly  established.  In  this  direction  success  as  yet  has  been 
only  partial.  By  the  time  the  first  symptoms  show  themselves  the 
tetanic  toxine  has  had  an  opportunity  of  acting  upon  the  cells  through- 
out the  body,  and  the  antitoxine  cannot  do  anything  to  counteract 
the  poisoning  of  their  protoplasm,  which  has  been  already  accom- 
plished. Doses  of  the  strongest  senim  are  ineffectual  against  tetanus 
when  thoroughly  established,  and  this  holds  good  both  in  the  case  of 
the  lower  animals  and  in  that  of  Man. 

Antitoxine  from  Glands.  —  As  bearing  upon  the  supposed 
origin  of  the  antitoxine  of  tetanus  from  the  fixed  cells  of  the  body,  it 
may  be  mentioned  that  attempts  have  been  made  by  Brieger,  Kitasato, 
and  Wassermann  to  prepare  it  artificially  from  certain  glands  such  as 
the  thymus.  They  conclude  that  from  particular  organs  of  healthy 
animals  certain  antitoxic  substances  can  be  obtained  which  are  inimical 
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to  the  toxines  secreted  by  various  microbes  such  as  those  of  tetanus, 
cholera,  diphtheria,  typhoid,  erysipelas,  swine  fever,  and  anthrax. 

Healthy  Blood -Serum  Germicidal. — Indeed,  healthy  blood- 
senun  appears  to  be  germicidal  in  a  high  degree,  for,  as  the  experi- 
ments of  Nuttel  (1888)  went  to  show,  and  as  those  of  Hankin, 
Buchner,  and  Roux  confirmed,  organisms  such  as  that  of  anthrax 
are  killed  in  large  percentage  when  suspended  in  it  In  half  an  hour 
after  mixing  anthrax  bacilli  with  freshly-defibrinated  blood,  a  great 
number  of  them"  will  be  found  to  have  perished.  It  does  not,  how- 
ever, prove  fatal  to  the  whole  of  them.  The  remainder,  if  left,  may 
continue  to  grow.  The  blood,  or  its  serum,  in  time  loses  this  pro- 
perty completely,  so  that,  as  is  well  known,  it  comes  to  constitute  one 
of  the  best  of  culture  media. 

There  is  thus  evidently  something  dissolved  in  the  blood-serum 
which  is  antidotal  to  the  toxines  of  anthrax  and,  it  may  be,  other 
microbes.  What  then  is  this  ?  Hankin  and  Buchner  have  succeeded  in 
separating  proteid  substances,  what  the  former  calls  "defensive  proteids," 
the  latter  alexines  (aAc^w,  I  defend),  which  they  allege  are  the  agent  in 
question.  Hankin  has  derived  them  not  only  from  the  blood,  but  also 
from  the  spleen  and  lymphatic  glands,  and  both  he  and  Buchner  are 
agreed  that  they  result  from  the  metabolism  of  different  cells  through- 
out the  body.  They  are  freely  soluble  in  glycerine,  although  not 
in  alcohol  or  ether. 


raccinaiion  agaiiist  Choknt. 

Haffkine's  method  of  anticholeraic  vaccination  (see  Xo.  6,  1893,  i. 
p.  227)  is  founded  on  the  principle  of  calling  forth  an  excess  of  these 
defensive  proteids,  or  whatever  they  may  be,  by  the  subcutaneous 
injection  of  an  extremely  virulent  cultm*e  of  the  cholera  spirillum  or 
of  this  sterilised  by  the  addition  of  a  little  carbolic  acid.  The  former 
is  the  more  powerful  agent,  but  it  is  also  necessarily  the  more 
dangerous  of  the  two. 

The  organism  as  taken  from  the  intestine  of  a  cholera  patient  is 
not  sufficiently  virulent.  Its  power  requires  to  be  exalted  by  culti- 
vation in  the  i)eritoneal  cavities  of  a  succession  of  guinea-pigs  up 
till  a  time  when  it  is  so  intense  that  it  destroys  the  guinea-pig  a  few 
hours  after  its  introduction  into  the  peritoneum.  In  order  to  make  sure 
that  no  contamination  has  occurred  in  the  successive  transferences  from 
one  animal  to  another,  some  of  the  growth  from  the  last  guinea-pig  is 
sown  on  an  agar  plate,  and  a  fresh  culture  on  an  agar  tube  is  made  from 
a  pure  colony.  After  this  has  gi*own  for  some  time,  some  sterilised 
beef-tea  is  introduced  into  the  tube,  and  shaken  up  with  the  organism. 
This  constitutes  the  vaccinating  liquid,  and  may  be  used  as  it  is 
(living  vaccine),  or,  as  before  mentioned,  after  the  addition  of  a  little 
carbolic  acid. 
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Pasteur's  Method  of  Pntphylaxis  against  Hydrophobia, 

1128.  One  of  the  chief  characteristics  of  rabies  in  the  rabbit  as 
compared  with  the  disease  in  Man  is  the  short  period  of  its  in- 
cubation. If  the  rabic  virus,  moreover,  be  inoculated  on  a  series  of 
rabbits  through  a  trepan  opening  in  the  skull,  using  the  medulla  of 
one  animal  as  the  means  of  inoculation  of  another,  the  period  of  in- 
cubation becomes  progressively  shorter  and  shorter.  There  comes  a 
time,  however,  in  which  it  is  reduced  to  exactly  six  days,  and  when 
that  is  so  the  poison  goes  by  the  name  of  "virus  fixe."  If  the  cord 
from  a  rabbit  suffering  from  rabies  as  a  result  of  this  "  virus  fixe  "  be 
suspended  in  an  atmosphere  dried  by  the  presence  of  potash  and  kept 
at  a  temperature  of  23°  C.  it  gradually  loses  its  virulence,  so  that  after 
five  to  six  days  it  fails  to  confer  rabies  upon  animals  even  when 
inoculated  on  the  dura  mater. 

It  can  still,  however,  be  employed  as  a  prophylactic.  The  drying 
of  the  cord  as  a  means  of  reducing  the  virulence  of  the  poison  contained 
in  it  was  suggested  to  Pasteur  by  his  having  observed  that  cords  of 
rabbits  dead  for  some  time  contained  a  vims  of  less  strength  than  those 
which  were  fresh.  According  to  the  length  of  time  the  cord  is  exposed, 
so  a  series  of  viruses  of  graduated  strength  can  be  obtained.  The 
cords  containing  the  ix)ison  in  different  stages  of  attenuation  are  beat 
up  with  a  little  bouillon,  and  the  liquid  decanted  off  is  the  prophylactic. 
A  few  drops  are  injected  subcutaneously  by  means  of  a  sterile  syringe. 

In  former  times  Pasteur  used  to  begin  the  injections  with  the 
liquid  from  a  cord  exposed  for  fifteen  days,  and  proceeded  daily  until 
a  cord  was  reached  which  had  been  exposed  for  only  twenty-four 
hours.  As  a  result  of  further  experimentation  on  dogs,  he  found  that 
it  is  much  better  to  begin  with  a  cord  of  ten  days'  exposure,  and  to 
administer  three  injections  daily.  The  cords  used  on  the  first  day  are 
exposed  for  ten,  nine,  and  eight  days  respectively.  On  the  second  day 
of  the  treatment  he  employs  cords  of  the  seventh,  sixth,  and  fifth  days, 
and  so  on  until  the  treatment  is  completed  on  the  morning  of  the 
fourth  day  by  a  single  injection  taken  from  a  cord  exposed  for  twenty- 
four  houre.  This  cord  may  be  looked  upon  practically  as  fresh,  seeing 
that  the  potash  has  had  the  effect  simply  of  drying  the  cortical  layers, 
while  the  centre  remains  unaltered.  When  this  first  course  of  treatment 
is  over,  he  waits  for  a  day  or  two,  and  then  commences  a  second  course, 
in  which  one  injection  daily  is  considered  sufficient,  but  initiated  with 
a  spinal  cord  exposed  only  for  seven  days  in  the  desiccating  bottle. 

Immunity  to  Ilicin  and  Ahrin. 

1129.  A  most  remarkable  discovery  has  been  made  by  Ehrlich 
(No.  93,  1891,  No.  xxxii. ;  Ibid,,  No.  xliv. ;  dso.  No.  49, 1891,  i.  p.  292), 
namely,  that  an  immunity  similar  to  that  just  described  against  tetanus 
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can  be  acquired  against  the  two  substances  lidn  and  abrin.  They  are 
described  as  tox-albumins.  Ricin  is  obtained  from  the  castor-oil  seed 
(Ricinus  communis);  abrin  is  abstracted  from  the  jequirity  bean. 
Both  are  highly  poisonous  substances,  ricin  more  so  than  abrin.  It  is 
estimated  by  Ehriich  that  one  gramme  of  ricin  would  suffice  to  kill  one 
and  a  half  millions  of  guinea-pigs.  If  it  is  injected  under  the  skin  it 
induces  intense  inflammation  and  caustic  action.  Hence,  in  order  to 
immunise  the  animals  experimented  upon,  he  found  it  necessary  to 
administer  the  ricin  by  the  mouth.  If  repeated  small  but  increasingly 
large  doses  are  given  to  guinea-pigs  by  the  mouth,  there  comes  a  time 
(twenty-one  days)  when  they  are  able  to  withstand  the  action  of  the 
substance  administered  subcutaneously  up,  it  is  said,  to  four  hundred 
times  the  lethal  dose. 

Abrin  acts  like  ricin  when  injected  subcutaneously,  but  not  so 
actively.  When  introduced,  however,  into  the  conjunctival  sac  it 
induces  intense  panophthalmitis,  often  ending  in  destruction  of  the 
organ.  After  mice  have  been  fed  for  some  weeks  with  food  containing 
abrin,  the  strongest  application  of  the  substance  to  the  conjunctiva  was 
without  effect  in  setting  up  inflammation. 

Ehriich  supposes  that  these  effects  are  dependent  upon  a  defensive 
substance  present  in  increasing  proportion  in  the  blood,  and  to  which 
he  tentatively  applies  the  name  antiabrin.  As  bearing  out  this 
supposition  he  asserts  that  injection  of  the  blood  of  animals  rendered 
immune  against  ricin  into  the  mouse  and  rabbit  renders  them  also 
immune. 

Essential  Cause  of  ImmunUy, 

1 1 30.  Facts  such  as  these  raise  many  curious  questions  as  to  what 
immunity  consists  in.  Are  we  to  conclude  that  for  each  toxino  against 
which  the  system  fortifies  itself,  there  is  secreted  the  appropriate 
antitoxine,  or  is  there  some  wide  general  principle  at  work  of  which 
at  present  we  have  no  knowledge  ?  It  were  needless  waste  of  time  to 
indulge  in  speculation  on  a  subject  where  experimental  proof  alone  is 
of  value.  There  seems  very  good  reason  for  believing  that  much  more 
light  will  be  shed  on  the  matter  before  long. 

Regional  and  Hereditary  Immunity. 

1131.  The  experiments  of  Bidenkap,  Diday,  and  others  have 
shown  that,  if  a  series  of  inoculations  of  syphilis  are  made  in  the  skin 
of  a  person  suffering  from  the  syphilitic  chancre,  the  parts  become 
more  sensitive  to  its  action  the  further  the  point  of  inoculation  is 
removed  from  the  primary  sore.  In  its  immediate  neighbourhood  the 
inoculations  induce  merely  an  abortive  papule,  at  a  distance  a  true 
chancre.  There  is  thus,  as  it  were,  a  regional  immunity  in  this  first 
stage. 
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As  the  secondaries  appear  (eight  to  ten  weeks)  there  follows  an 
absolute  immunity.  The  organism  fails  to  react  in  any  way  to  the 
syphilitic  virus,  and  as  the  secondaries  decline  (during  the  following 
two  years)  absolute  immunity,  continuing  for  years  (nineteen  to  twenty), 
is  the  rule,  but  not  the  invariable  rule.  Indeed,  it  is  quite  exceptional 
to  find  the  individual  twice  infected  by  the  syphilitic  poison.  This, 
however,  may  in  a  manner  be  accounted  for  by  collateral  causes  such 
as  advancing  aga 

Children  hereditarily  syphilitic  appear  to  be  immune,  but  excep- 
tions even  to  this  rule  are  said  to  have  occurred.  Children  bom 
healthy  of  parents  who  have  had  syphilis  nevertheless  appear  to  remain 
immune,  or  contract  the  disease  in  a  mild  form.  The  mother  may 
remain  uninfluenced  while  the  children  have  acquired  immunity. 


Doctrine  of  Plmgocytosis  ami  Immunity, 

1132.  The  experiments  of  Cohnheim  (No.  13,  xl.  1867,  p.  1), 
Hoff'mann  and  v.  Recklinghausen  (No.  50,  v.  1867,  p.  481),  Hoffmann 
and  Langerhans  (No.  13,  xlviii.  1869,  p.  303),  and  in  later  times  of 
Siebel  (No.  13,  civ.  1880,  p,  514)  have  shown  that  when  minute 
inorganic  pigment  particles  such  as  cinnabar  or  indigo  are  introduced 
into  the  circulajbion  they  are  seized  upon  within  a  few  minutes  by  the 
leucocytes  of  the  blood.  Within  twenty-four  hours  nearly  the  whole 
of  the  pigment-loaded  leucocytes  have  vanished  from  the  circulating 
blood  and  have  taken  up  their  stronghold  in  various  organs  of  the 
l>ody,  more  especially  the  spleen,  bone,  marrow,  and  lymphoid  tissues 
generally.  The  cells  forming  the  walls  of  the  portal  vein  capillaries 
appear  to  absorb  the  particles  directly  from  the  blood  circulating 
through  them  and  become  deeply  loaded.  Other  fixed  cells  through- 
out the  body  also  become  pigmented,  but  they  seem  to  derive  the 
particles  from  extruded  leucocytes. 

Reference  has  already  been  made  (vol.  i.  pp.  266,  293)  to  the  part 
living  cells  take  in  the  removal  of  efTete  tissues  such  as  the  larval  tail 
and  gills.  They  intussuscei)t  the  tissue  debris  into  their  protoplasm 
whose  juices  apparently  digest  it. 

Similarly,  when  a  pure  culture  of  certain  micro-organisms  such  as 
the  tubercle  bacillus  is  injected  into  the  jugular  vein  of  a  rabbit,  the 
leucocytes  throughout  the  lung  seem  to  have  absorbed  the  whole  of  the 
bacilli  within  a  matter  of  from  ten  minutes  to  fourteen  hours.  Their 
distribution  in  the  leucocytes  throughout  the  body  is  more  general 
after  a  day.  In  the  case  of  the  tubercle  bacillus  the  leucocytes  which 
contain  them  all  die  and  degenerate. 

It  does  not  necessarily  follow,  however,  that  the  cell-host  alwap 
dies.  In  many  cases  what  happens  is  rather  that  the  intussuscepted 
microbe  perishes  and  becomes  digested. 

These  observations  have  been  utilised  by  Metchnikoff  (see  Bibliog.) 
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to  explain  the  phenomena  of  immunity  in  opposition  to  the  chemical 
theory  just  described. 


The  main  facts  of  MetcliiiikoflTs  theory  are  briefly  as  follows  (No.  6,  1891,  i.  p. 
213) : — When  a  micro-organism  is  found  within  a  living  cell,  its  i>assage  thither  has 
l>een  effected  by  movements  either  on  the  part  of  the  microbe  or  of  the  cell  itself. 
The  former  method  of  transference  is  very  rare,  but  there  is  evidence  of  its  possibility 
in  the  fact  of  the  parasites  of  malaria  invading  the  haemocytes  of  the  blood.  More  com- 
monly, however,  the  transference  is  effected  by  the  movements  of  the  cell  protoplasm. 

Cells  which  devour  living  or  dead  particles  are  known  as  phagocytes,  and  of 
such  the  amoebifomi  leucocyte  of  the  blood  and  lymph  is  the  most  tyi)ical  example. 
There  are  also  cells,  such,  for  instance,  as  those  forming  the  endothelial  lining  of  the 
bloo<l-vessels,  which  differ  from  these  in  being  fixed,  but  which  nevertheless  absorb 
foreign  i)articles  of  different  kinds  with 
a\'idity.      There  are  thus  two  classes  of  - 

phagocyte,  namely,  fixed  and  free.  Not 
all  leucocytes  appear  to  have  a  phagocytal 
action.  Three  main  forms  of  leucocyte 
may  be  distinguished,  namely  :  (1)  the  so- 
called  lymphocyte,  which  is  characterised 
by  its  small  size,  its  large  single  nucleus, 
the  small  amount  of  surrounding  proto- 
l>lasm,  and  by  the  fact  that  it  is  immobile 
and  not  phagocytal.  The  remaining  two 
forms  are  phagocytal,  namely  :  (2)  the  largo 
unicellular  leucocyte  or  macrophage, 
whose  nucleus  is  sometimes  lobed  or  reni- 
fonu,  which  stains  w^ell  with  aniline  dyes, 
|)ossesses  much  protoplasm,  and  is  endowed 
with  active  amoeboid  movements  ;  and  (3) 
the  microphage,  a  small  form,  also  stain- 
ing well,  but  either  multinuclear  or  with 
one  nucleus  in  process  of  breaking  up. 

It  may  be  aflirmed,  to  begin  with,  that 
the  vwrc  imdigiiaiit  the  micro-organism  the 
rarer  is  its  presence  within  the  phagoq^tcs. 
Thus  of  all  diseases,  chicken  cholera  affecting  bii-ds  and  rabbits,  hog  cholei-a  (cholera 
dee  pores)  given  to  pigeons  and  rabbits,  the  anthrax  of  mice  and  other  specially 
sensitive  animals,  the  septicemic  vibrionenne  of  guinea-pigs  and  birds,  run  a 
peculiarly  swift  course,  and  in  the  whole  of  them  it  is  quite  exceptional  to  find  the 
corresponding  bacteria  within  cells.  They  remain  free  both  at  their  point  of  intro- 
duction and  when  they  gain  access  to  the  blood. 

In  those  bacterial  diseases  which  run  a  slow  course,  on  the  contrary,  the  bacteria 
are  to  be  found  either  in  part  or  wholly  within  the  phagocytes.  Thus  tuberculosis, 
leprosy,  rhinoscleroma,  and  glanders  run  a  chronic  course,  and  in  all  of  them  the 
siKJcific  bacteria  are  engulfed  by  phagocytes. 

On  inoculating  an  animal  refractory  to  a  i)articular  microl)e  it  is  found  that  the 
jMirasite  begins  to  develop,  but  that,  from  the  onset,  a  reaction  on  the  part  of  the 
organism  shows  itself,  accomjxanied  by  a  considerable  emigration  of  leucocytes. 
These  soon  envelop  the  bacteria  in  gi*eat  numbers.  He  exj)lains  the  resistance  of 
an  animal  rendered  refractory  artificially  by  the  phagocytes  having  acquired  the  pro- 
perty of  seizing  upon  and  destroying  the  offending  particles. 


Fio.    574.  —  Phagocytes,    Macropuaok:    and 

MiCROPHAOK,    TO  SHOW     8taOE8    OK   DlGEK- 
TION    AND    DfMTRrCTlOX    OF    BaCILLI     FROM 

Spleen  and  Eye  respectively  of  White 
Rat  with  Anthrax. 

In  1  part  of  the  bacillus  is  unaffected,  but  a 
vacuole  has  formed  around  the  other  part,  wliich 
further  has  now  lost  the  power  of  taking  the 
stain.  In  S  various  stages  are  seen,  the  bacilli 
passing  through  that  of  granular  faint  staining 
tx)  that  of  vacuolated  unstained,  until  finally 
"shadows"  are  alone  observable  (Zeiss  ,»», 
ocular  8  ;  after  Metchnikoff). 
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There  is  thus  a  natural  enmity  between  phagocytes  and  microbes,  and  having 
come  into  actual  conflict,  the  victory  is  usually  on  the  side  of  the  phagocyte. 

It  should  be  mentioned,  however,  that  there  are  cases,  such  as  that  of  the  tubercle 
bacillus  injected  into  the  circulation,  where  the  result  is  different,  and  where  the 
protoplasm  of  the  phagocyte  falls  to  pieces  and  allows  the  included  bacilli  to  escape. 
He  looks  upon  the  giant-cells  of  tuberculosis  as  huge  phagocytes.  The  destruction 
of  the  tubercle  bacilli  can  be  distinctly  traced  within  them.  The  bacilli  swell,  their 
enveloping  membrane  becomes  much  thickened  and  highly  refractile,  and  in  time  the 
contents  lose  their  power  of  fixing  the  staining  material,  so  that,  eventually,  nothing 
is  left  of  them  but  a  conglomerate  mass  of  slightly  yellowish  shadowy  bodies. 

The  invasion  of  the  organism  by  microbes  induces  most  often  an  inflammatonr 
reaction  with  its  associated  emigration  of  leucocytes.  These  leucocytes  sei2e  upou 
the  invaders  and  destroy  them,  so  that  he  is  led  to  admit  that  the  afflux  of  phago- 
cytes to  the  invaded  region  and  their  bactericidal  properties  are  mechanisms  which 
serve  to  ward  off  bacterial  attack  and  to  maintain  the  integrity  of  the  organism. 


— -r 


.'-H^V'N* 


Fig.  575.— Anthrax  of  Pigeon  (an  Animal  but  hligutly  suhceptibi.e  to  thk  Disea^c) 
TO  SHOW  Stages  or  Destruction  of  Bacilli  by  Phagocytes. 

(i  and  '^)  Macrophages :  i,  from  exudation  of  eye  from  refractory  bird  ;  S,  from  muscle  of  regioo  of 
inoculation  of  bird  that  succumbed  ;  (3,  U,  5)  microphages— all  ftom  eye  twenty-seven  houre  after 
inoculation  ;  (a,  «)  unaltered  bacilli ;  (fti,  b^,  b9)  bacilli  becoming  more  and  more  degenerated  aod 
indistinct ;  (c,  c)  debris  of  bacilli  (Zeiss  ^,  ocular  3  ;  after  Metchnikoff). 


But  it  must  be  remembered  that  where  tlie  phagocytes  appear  upon  the  scene  iu 
relatively  large  numbei*s,  and  even  include  the  micro-organisms,  the  latter  gain  the 
day  whenever  and  wherever  the  phagocytes  are  incapable  of  destroying  them  or  of 
preventing  their  growth. 

Chimiotaxis. — In  this  war  between  the  organism  and  bacteria  an  important  part 
is  played  by  the  sensitiveness  of  the  phagocytes  to  external  influences,  and  es^iecially 
to  the  chemical  composition  of  their  environment.  The  researches  of  Pfefler  (No. 
640,  i.  p.  363)  have  shown  that  a  solution  of  malic  acid  has  the  property  of  attracting 
the  zoosperms  of  ferns,  while  saccharose  has  the  same  power  over  those  of  mosses. 

Massart  and  Bordet  allege  that  the  poisonous  products  secreted  by  microbes  exert 
a  like  attractive  sway  or  *'  positive  chimiotaxis  "  over  leucocytes,  a  supposition  which 
has  been  eagerly  seized  upon  to  account  for  the  phenomena  of  microbal  phagocytosis. 

The  substance  secreted  by  bacteria  which  has  this  hidden  ])roi>erty  is  said  by 
Buchner  to  be  a  proteid,  while  Roux  supposes  it  to  be  represented  in  the  jwisonous 
toxines  secreted  by  the  microbes.      On  the  other  hand,  it  has  been  found  that 
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cert&in  agents,  such  as  lactic  acid,  have  a  repellant  or  '' negative  chimiotactio " 
influence  upon  leucocytes. 

When  negative  chimiotaxis  manifests  itself,  the  parasites,  being  shunned  by  the 
white  corpuscles,  freely  propagate  themselves,  and  induce  the  death  of  their  host. 
Nevertheless,  this  chimiotaxis  is  not  immutable,  and  the  cells  can  become  accustomed 
to  substances  from  which  they  shrank  at  first.  A  negative  may  thus  be  transformed 
into  a  positive  chimiotactio  state.  Such  obtains  in  acquired  immunity  ;  the  cells 
which  in  the  unvaccinated  animal  never  seized  upon  the  bacteria  now  in  the 
vaccinated  take  them  up  readily. 

The  experiments  of  Everard,  Demoor,  and  Massart  (No.  423,  vii.  1893,  p.  165), 


Fio.  576.— Blood  of  Mouse  illustrating  Phaoocvtosis  (Beck  ,"5,  homcig,  imm., 
Hartk.,  Oc.  4,  upper  tube  out). 

Tlie  animal  was  inoculated  with  anthrax,  but  Uid  not  die  for  some  days  afterwards.  Tlie  blood 
containH  two  organisms— anthrax  and  a  minute  oblong  rod.  The  oblong  roil  is  being  intussusceptcd 
by  the  blood  leucocytes  (Gram's  niethodX 

moreover,  would  go  to  show  that  the  injection  of  microbic  cultures,  living  or  dead, 
tends  to  cause  at  first  a  decrease  in  the  number  of  leucocytes  circulating,  and  above  all, 
of  leucocytes  with  polymorphic  nucleus  and  with  protoplasmic  granules.  When  the 
animal  resists  infection  there  follows  a  corresponding  increase  in  their  number, 
followed  by  a  return  to  the  normal.  In  an  animal  which  succumbs  to  infection 
this  hyperleucocytosis  completely  fails. 

The  leucocytes  of  a  vaccinated  animal  differ  from  those  of  a  fresh  animal  not  only 
in  the  education  their  chimiotactio  faculties  have  undergone,  but  also  in  the  rapidity 
of  their  development.  They  reach  the  adult  state  much  sooner,  and,  arrived  at  this, 
are  more  apt  in  englobing  microbes. 


1008  SYSTEMATIC  BACTERIOLOGY  part  iv 

Such  being  a  brief  digest  of  the  main  facts  of  Metchnikoffs  theory, 
it  may  be  asked  whether  it  is  sufficient  to  account  for  immunity  as  we 
now  understand  it.  Provided  that  all  contagious  diseases  were  due  to 
the  wide-spread  personality  of  diseased  microbes,  there  might  be  some 
show  of  reason  for  accepting  it.  But,  as  demonstrated  of  late,  we  can 
call  forth  all  the  symptoms  of  a  disease  like  tetanus  by  introducing  the 
secretions  from  its  bacillus  into  the  system,  and  what  is  even  more 
remarkable,  the  system  in  course  of  time  fortifies  itself  not  against  the 
actual  bacillus,  but  against  the  toxines  secreted  by  it.  Moreover,  the 
same  condition  of  immunity  may  be  excited  against  such  purely 
chemical  substances  as  ricin  and  abrin  (p.  1002).  This  property  of 
immunity,  further,  is  resident  in  the  blood-serum,  and  can  be  transferred 
from  one  host  to  another. 

There  are  many  objections  to  this  phagocyte  theory  which  must 
be  got  over  before  it  can  be  accepted  by  those  not  wholly  given  over 
to  a  partisanship  more  or  less  blind  to  its  many  defects. 

Literature  on  Immunity  from  Disease. — Abbott:  Practitioner,  xlviL  1891,  \k 
415  ;  also  (Review),  Med.  News,  Phila.,  lix.  1891,  p.  534.  Ali-Cohen  (Chimiotaxis  : 
Centrall)!.  f.  Bakteriol.  u.  Parasitenk.,  viii.  1890,  p.  161.  Arnold  (Fate  of  Wander- 
ing Cells):  Arch.  f.  path.  Anat.,  cxxxii.  1893,  p.  502.  BataiUon :  Reeherches 
auatomiques  et  exj)erimentales  sur  la  metamorphose  des  amphibies  anonres,  1891. 
Baumgfarten  (Phagocyte  Doctrine) :  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  vil 
1889,  p.  3.  Behring;:  Das  Tetanusheilsenmi,  1892;  also  (Nature  of  Bodies  con- 
ferring Immunity),  Arch.  f.  Physiol.,  1893,  p.  381.  Bitter:  Ztachr.  f.  Hyg.,  iv. 
1888,  pp.  290,  318.  Bonaduce  (Blood-Serum  and  Natural  I.):  Beitr.  z,  path. 
Anat.  u.  z.  allg.  Path.,  xii.  1892-93,  p.  353.  Brieg^er  and  Ehrlich  (Immunity  con- 
ferred through  the  Milk):  Deut.  med.  Wochnschr.,  xviii.  1892,  p.  393.  Bneger, 
Kitasato,  and  Wassermann:  Ztschr.  f.  Hyg.  u.  Infectionskrank.,  xii.  1892,  p. 
137.  Bmnton :  Brit.  Med.  Joum.,  1893,  i.  p.  10.  Bninton  and  Bokenhain 
(Influence  of  Mineral  Constituents) :  Brit.  Med.  Journ.,  1891,  ii.  p.  114.  Bnchner*. 
Wien.  med.  Bl.,  xiv.  1891,  p.  527  et  scq.  ;  also  (Protective  Substances  of  Serum), 
Berl.  klin.  Wochnschr.,  xxix.  1892,  p.  449  ;  also  (New  8tandi>oint  of  Immunity 
Question),  Fortschr.  d.  Med.,  x.  1892,  p.  319.  Cappareili  (Phagocyte  Doctrine): 
Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  x.  1891.  p.  277.  Charrin  (Evolution  of 
Microbes  in  Vaccinated  Animal):  Compt.  rend.  Soc.  de  biol.,  L  1889,  p.  627. 
Charrin  and  Gley  (Hereditary  Transmission  of  I.):  Arch,  de  physioL  norm,  et 
path.,  V.  1893,  p.  75.  Charrin  and  Rog:er:  Compt.  rend.  Acad.  d.  sc.,  cix.  1889, 
p.  710.  Danilewsky  (Pliagocytes) :  Ann.  de  I'lnst.  Pasteur,  iv.  1890,  \^  432- 
biscussion:  Brit  Med.  Journ.,  1892,  i.  p.  373.  Discussion  on  Phagfocytosis 
and  Immunity':  Trans.  Path.  Soc.  Lond.,  xliii.  1891-92,  p.  238.  Dudaux  (Intra- 
cellular Nutrition) :  Ann.  de  I'lnst.  Pasteur,  iii.  1889,  p.  97.  Ehrlich  (Ricin  ami 
Abrin  Immunity) :  Deut.  med.  Wochnschr.,  xviL  1891,  pp.  976,  1218;  a/w  (Immu- 
nity through  the  Milk),  Ztschr.  f.  Hyg.  u.  Infectionslcrank.,  xii.  1892,  p  183. 
Emmerich :  Miinchen  med.  Wochnschr.,  xxxviii.  1891,  p.  839.  Emmerich  and 
Mastbaiun  :  Arch.  f.  Hyg.,  xii.  1891,  p.  275.  Emmerich  and  Tsuboi  (AugnienU- 
tion  of  Microbicidal  Properties  of  Blood -Serum) :  Centralbl.  f.  Bakteriol.  u.  Para- 
si  tenkrank.,  xiii.  1893,  p.  575.  Fodor  (Capability  of  the  Blood  to  destroy  Bacterial : 
Deut  med.  Wochnschr.,  xiii.  1887,  p.  745.  Gallemaerts  (Absorption  of^  R 
subtilis  by  Phagocytes):  Bull.  Acad.  roy.  de  Med.  de  Belg.,  1887,  i.  p.  78S. 
Gostling;  (Increase  of  Leucocytes  of  Blood  in  Inflammation) :  Brit  Med.  J.,  1886, 
i.  p.  112  ;  Med.  Chir.  Trans. , 'Lond. ,  Ixix.  1886,  p.  183.  Grawitz  (Part  played  by 
Leucocytes):  Verhandl.  d.  x.  internat  med.  Cong.,  1890,  Berl.,  1891,  li.  3  Ab., 
p.  9.     Hamer :  Rep.  Med.  Off.  Loc.  Gov.  Bd.,  xx.  1891,  p.  267.     Hankin:  Lancet, 

1891,  ii.  p.  339  ;  also,  Tr.  VII.  Internat  Cong.  Hyg.  and  Demog.,  1891,  Lond., 

1892,  ii.  p.  145.     Hess:  Arch.  f.  \mi\\.  Anat,  cix.  1887,  p.  865;  Ibid,,  n-  1SS7. 
p.  313.     Jawein  (Cholera  Immunity) :  Ann.  de  I'lnst.   Pasteur,  vi.   1892,  1^  708. 
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Kanthack:  Brit.  Med.  Jouru.,  1892,  ii.  p.  985.  Klein  (Phagocytosis):  Nature, 
1891  ;  also,  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank.,  xi.  1892,  p.  598  ;  also 
(Inoculation  of  different  Infections  in  same  Animal),  ReiJ.  Local  Gov.  Bd.,  xxi. 
1893,  p.  135.  Klemperer  (Immunity  and  Cure):  Berl.  icHn.  Wochnschr.,  xxix. 
1892,  p.  293  ;  also  (Natural),  Arch.  f.  exper.  Path.  u.  PharmakoL,  xxxi.  1892-93, 

».  356.     Klemperer  and  F.  Klemperer  (Immunity  from  Pneimiococcus) :  Berl. 

:lin.  Wochnschr.,  xxviii.  1891,  p.  833.  Knise  :  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path., 
xii.  1892-93,  p.  333.  Lewek  (Influence  of  Non- Pathogenic  Organisms  on  Patho- 
genic):  Boitr.  z.  path.  Anat.  u.  z.  all^.  Path.,  vi.  1889,  p.  279.  Looss :  Ueb. 
Degenerations-Erscheinungen  im  Thierreich  (Prize  Essay,  Leipsig),  1889.  Lubarsch 
(On  Bactericidal  Projierties  of  Blood):  Centralbl.  f.  Chir.,  xvi.  1889,  p.  852. 
Massart  (Chimiotaxis  and  I.) :  Ann.  de  Tlnst.  Pasteur,  vi.  1892,  p.  321.  Massart 
and  Bordet  (Chimiotaxis) :  Ann.  de  I'lnst  Pasteur,  v.  1891,  p.  417.  Metchnikoff : 
Fortschr.  d.  Med.,  ii.  1884,  p.  558  ;  Arch.  f.  path.  Anat,  xcvL  1884,  p.  177  ; 
Ibid.,  evil  1887,  p.  209  ;  Ibid,,  cix.  1887,  p.  176  ;  Ibid.,  cxiii.  1888,  p.  63 ;  Ibid., 
cxiv.  1888,  p.  465  ;  also,  Ann.  de  I'Inst.  Pasteur,  iii.  1889,  p.  25 ;  Ibid., 
iv.  1890,  p.  620;  Ibid.,  v.  1891,  pp.  465,  479;  Ibid.,  vi.  1892,  pp.  1,  289; 
(Theory  of  Alexocytes)  Ibid.,  vii.  1893,  p.  50  ;  Brit  Med.  Joum.,  1891,  i.  p. 
213;  Joum.  Path,  and  Bacterioloffir,  i.  1892,  p.  13;  On  the  Comparative 
Pathology  of  Inflammation,  1893.  Mironoff  (Immunisation  of  Rabbit  against 
Streptococcus,  and  Treatment  of  Streptococcus  Septicaemia  by  Serum  of  Immune 
Animals) :  Arch,  de  mcd.  exp^r.  et  d'anat  path.,  v.  1893,  p.  441.  Net- 
schajeff  (Leucocytes  and  Infection) :  Arch.  f.  path.  Anat,  cxxv.  1891,  p.  415. 
No^^ack  (Review  of  Recent  Works):  Schmidts  Jahrb.,  ccxxxix.  1893,  pp.  75, 
181.  Petermann  (Ogata's  Bactericidal  Subce.  of  Blood)  :  Ann.  de  I'Inst. 
Pasteur,  v.  1891,  p.  506.  Prudden  (Germicidal  Action  of  Blood) :  N.  Y.  Med. 
Rec.,  xxxvii.  1890,  p.  85.  Ring^er  (Increase  of  Leucocytes  of  Blood  in  Inflam- 
mation): Lancet,  1886,  i.  p.  107.  Rog^er:  Gaz.  heM.  de  m^d.,  xxvii.  1890,  p. 
317  ;  Ibid.,  337.  Roudenko  (Influence  of  Blood  of  Frog  on  that  of  Mouse) :  Ann. 
de  rinst.  Pasteur,  v.  1891,  p.  515.  Roux  (Preventative  Inoculation):  Public 
Health,  Lond.,  ii.  1889-90,  p.  65  ;  also,  Ann.  de  I'Inst  Pasteur,  v.  1891,  p.  517  ; 
also,  Tr.  VII.  Internat  Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  110.  Roux  and 
Chamberland  (Against  Vibrion  Septique) :  Ann.  de  I'Inst  Pasteur,  i.  1887,  p.  561. 
Roffer :  Brit  M«l.  Joum.,  1890,  i.  p.  1177  ;  also.  Quart  Joum.  Mic.  Sc,  xxxii. 
1891,  p.  99;  also,  Ann.  de  I'Inst  Pasteur,  v.  1891,  p.  673.  Sanarelli:  Ann.  de 
riDst  Pasteur,  vii  1893,  p.  225.  Schiitz  (Inherited  I.) :  Arch.  f.  wissensch.  u. 
prakt  Thierheilk.,  xix.  1893,  p.  233.     Schwarz :  Wien.  med.  Wochnschr.,  xli. 

1891,  p.  2089  et  seq.  Siebel  (Future  of  Foreign  Bodies  in  Blood):  Arch.  f.  path. 
Anat,  civ.  1886,  p.  514.  Turner:  Brit  Med.  Joum.,  1892,  ii.  p.  989.  Unna 
(Inflammation  and  Chimiotaxis):  Berl.  klin.  Wochnschr.,  xxx.  1893,  p.  471. 
Virchow  (the  War  between  Oils  and  Bacteria):  Arch.  f.  path.  Anat,  ci.  1885, 
p.  1.  Weyl  (Anthrax) :  Ztschr.  f.  Hygiene,  xi.  1891-92,  p.  381.  Wolfheim 
(Phagocyte  Doctrine):  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  iii  1888,  p.  403. 
Wo^  and  Ross  (Inflammation  and  Immunity) :  Rep.  Lab.  Roy.  ColL  Phys., 
Edin.,  iii.  1891,  p.  296.  Woodhead  and  Wood  (Action  of  Bacterial  Products  on 
Infective  Disease) :  Lancet,  1890,  i.  p.  393.  Wright  (Wooldridge's  Method  of  Pro- 
ducing Immunity):  Tr.  VII.  Internat.  Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  164. 
Ziegler:  Beitr.  z.  path.  Anat  u.  z.  allg.  Path.,  v.  1889,  p.  416;  also  (Historical 
and  Critical  Review  of  Inflammation),  Beitr.  z.  path.  Anat  u.  z.  allg.  Path.,  xii. 

1892,  p.  152. 
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SYSTEMATIC  BACTERIOLOGY— (Continued) 

The  Organisms  of  Suppuration. 

1133.  These  are  chiefly  staphylococci  and  streptococci  By 
Staphylococcus  (Ogston)  is  meant  a  round  organism  which  tends  to 
become  agglomerated  into  little  bunch-of-grapes-like  masses  (<rra<^vX^,  a 
cluster  of  grapes,  and  ico/c/cos,  a  kernel).  By  Streptococcus  is  under- 
stood a  like  round  organism  which  ramifies  in  chains,  the  one  member 
adhering  to  the  other  (arrpeirrov  or  oTpeirros,  a  chain).  Sometimes 
these  round  organisms  are  arranged  in  couples  or  DiplococcL 

The  cocci,  however,  are  not  the  only  pyogenic  microbes ;  there  are 
several  bacilli  which  are  similarly  endowed.  They  used  to  be  looked 
upon  as  harmless  saprophytes.  Under  certain  circumstances,  however, 
some  of  them  may  become  generators  of  pus. 

The  following  may  be  taken  as  the  most  important  members  of  the 
cleft-fungi  having  pyogenic  properties : — 

Staphylococcus  (Streptococcus)  Pyogenes  Aureus. 

This  is  the  organism  which  perhaps  is  commoner  than  any  other 
in  suppurating  parts.  It  occurs  in  typical  bunch-of-grapes-like  masses 
(Fig.  577),  sometimes  in  the  form  of  chains.  It  is  most  abundant  in 
the  yellow  pus  of  acute  closed  abscesses,  and  in  fact  in  pus  almost 
from  whatever  source  derived;  it  is  the  organism  which  is  most 
abundant  in  the  suppurating  marrow  of  acute  osteo-myelitis.  When 
combined  with  staphlyococcus  p.  albus  it  is  said  to  induce  a  more 
severe  inflammation  than  when  alone  (Watson-Cheyne,  No.  642,  p.  15). 
Garr^  (No.  11,  iii.  1885,  p.  165)  found  it  in  the  blood  in  cases  of 
osteo-myelitis.  The  frequency  with  which  it  is  present  in  pus  seems 
to  vary  with  the  locality.  Thus,  according  to  Levy  (No.  104,  xxix 
1892,  p.  136),  it  is  not  so  common  in  abscesses  in  Strassburgas  the 
Staphylococcus  pyogenes. 
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The  optimum  temperature  is  from  30°  to  37°  C,  but  it  also  grows, 
although  more  slowly,  at  temperatures  which  are  lower.  At  high 
temperatures  it  shows  within  twenty-four  hours  as  a  faintly  opaque 
line.  It  is  at  first  of  a  pale  yellow  tint,  but  as  the  area  of  the  culture 
increases  it  becomes  more  of  an  orange  yellow.  The  colour  shows 
best  against  a  black  background,  but  is  never  deep  orange.  When 
the  surface-growth  on  agar  has  developed  to  its  full  extent,  it  looks 
very  much  as  if  a  brush  dipped  in  pale  yellow  oil  paint  (Fig.  505)  had 
been  drawn  in  a  somewhat  sinuous  manner  over  the  surface  of  the 


Pio.  577.— Pus  FROM  AS  Absccss  showing  Staphylococci  and  Strkptococci,  some  ok  them 
OOHTAINBD  IN  Pus  Cellb  (,»,  hoiuog.  imm.  Beck,  Oc.  No.  4  Uartk.,  tube  out ;  stained  with 
(Uchsiii). 

mediuno.     After  a  time  it  ceases  to  extend.     It  emits  a  peculiar  sour- 
milk-like  odour. 

On  puncture  in  agar  the  growth  constitutes  an  opaque  yellow 
column,  and  in  gelatine  it  scoops  out  a  cupola  of  liquefaction  within 
forty-eight  hours.  This  extends  rapidly  downwards,  so  that  soon  the 
greater  part  of  the  medium  becomes  liquefied ;  the  liquid  has  a  pale 
yellow  colour.  It  grows  luxuriantly  on  bouillon,  and  on  potato  spreads 
out  in  a  yellow  thick  layer.  The  colour  is  developed  only  on  exposure 
to  the  air.  It  grows  under  oil,  but  the  growth  is  colourless.  The 
culture  retains  its  virulency  for  long. 
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The  coccus  is  very  small,  about  0*9  to  1*2  /a  in  diameter,  and  the 
members  tend  to  hang  together  in  bunch-of -grapes-like  masses  or  like 
masses  of  fish  spawn.  It  has  a  fatal  action  on  rabbits  and  dogs  when 
injected  into  a  joint  such  as  the  knee  or  into  the  pleural  cavity. 
The  fatal  result  usually  ensues  in  rabbits  within  twenty-four  hours. 
If  they  survive,  severe  inflammation  sets  in.  It  does  not  cause 
putrefaction,  nor  is  its  growth  accompanied  by  the  evolution  of  gas. 

It  colours  with  different  staining  reagents,  and  is  not  decolorised 
bv  Gram's  method. 


StaphyliKOcms  {Streptococcus)  Pyogenes  Alhis, 

Rosenbach  (No.  582,  1886,  p.  405)  describes  this  as  growing 
luxuriantly  on  agar  in  white  masses.  After  a  time  the  culture  dries 
up  and  can  be  with  difficulty  inoculated  on  a  fresh  tube ;  but  in  flasks 
devoid  of  air  it  may  be  presented  in  an  active  state  for  years.  Gela- 
tine becomes  rapidly  liquefied  by  it,  and  the  liquid  is  always  milky, 
never  yellow.  It  does  not  grow  so  well  on  agar  as  the  aureus.  Micro- 
scopically it  cannot  be  distinguished  from  the  aiu*eus.  Its  pathogenic 
action  is  also  similar. 

Next  to  Staphylococcus  p.  aureus  it  is  said  to  be  the  commonest 
organism  of  suppuration. 


Streptococcus  Pyogenes. 

This  is  a  very  common  organism  of  pus.  It  is  found  in  acute 
abscesses  and  takes  the  form  of  chains  or  zoogloea.  It  is  from  0*8  to 
1  /A  in  diameter.  When  stained  it  is  not  decolorised 
by  Gram's  process.  On  gelatine  it  forms  whitish 
round  spots  of  the  size  of  small  grains  of  sand.  It 
grows  sparingly  and  very  slowly  on  this  medium, 
and  does  not  liquefy  it.  On  agar  its  growth  is 
more  active.  The  best  temperature  is  from  35'  to 
ST""  C.  It  still  has  the  same  tendency  to  develop  in 
points,  each  about  the  size  of  a  pin's  head.  Sown 
in  a  line  the  bulk  of  the  growth  maintains  this 
character,  but  here  and  there  it  shows  a  tendency  to 
break  off  into  the  above-mentioned  little  specks  or 
spots.  As  time  goes  on  the  edges  of  the  line  he- 
come  thickened  so  as  to  constitute  a  terrace-like 
border  on  each  side.  It  increases  so  slowly  that  even  after  a  matter 
of  weeks  the  streak  may  not  be  more  than  from  two  to  three  mm. 
wide.  It  may  have  a  brownish  colour.  It  will  also  grow  on  blood- 
serum. 

Rosenbach  found  it  in  eleven  out  of  twenty-six  cases  of  unopened 
abscesses,  and  thrice  along  ^vith  staphylococcus  p.  aureus.     Passet  even 
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Fio.  678.— Culture  op 
Streptococcus  Pyo- 
genes (iV  liomog. 
iinm.  Beck,  Oc.  No.  4 
Hartk. ;  stained  with 
fuchsin). 


Fig.  603. — Oidium  albicans.  Surface-culture  on  peptone-gelatine. 
It  shows  the  peculiar  characteristics  of  a  mould  colony,  namely,  a 
central  dense  part  with  numerous  root-like  ofifshoots  emanating  from 
the  margin. 

Fig.  604. — Bacillus  op  Anthrax.  Puncture-culture  on  peptone- 
agar.  A  gray  film  overspreads  the  surface.  The  line  of  puncture  is 
well  marked,  while  from  it  multitudes  of  arms  or  processes  radiate 
into  the  surrounding  medium. 

Fig.  605. — Staphylococcus  pyogenes  aureus.  Surface-culture 
on  peptone-agar.  The  growth  closely  resembles  a  flake  of  yellow  oil- 
paint  drawn  in  a  sinuous  manner  over  the  surface. 

Fig.  506. — Bacillus  op  Glanders.  Surface-culture  on  potato. 
Grows  as  a  slimy  deposit  which  has  a  brownish-yellow  colour. 

Fig.  507. — Bacillus  of  Glanders.  Surface-culture  on  peptone- 
gelatine.  The  growth  has  a  honey-like  consistence  and  colour,  and  is 
perfectly  homogeneous.  It  spreads  out  in  spatula  form  at  the  lowest 
extremity  and  is  pointed  above. 
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alleges  that  it  is  commoner  in  abscesses  than  the  Staphylococcus  p. 
aureus.  It  has  been  found  also  in  the  vegetations  of  malignant 
endocarditis  and  in  osteo-myelitis  (Krause  and  Becker).  It  is  said 
by  Passet  to  withstand  a  boiling  temperature.  It  has  the  property  of 
inducing  abscesses  when  injected  subcutaneously  or  into  various  organs. 

This  organism,  as  before  remarked  (p.  876),  appears  to  be  identical 
with  the  streptococcus  of  erysipelas. 

On  further  growth  a  second  terrace-like  elevation  rises  up  outside 
the  first,  but  somewhat  flatter.  The  growth  is  throughout  slow,  and 
it  does  not  liquefy  the  gelatine  basis.  It,  however,  quickly  breaks  up 
beef  and  egg  albumin  in  airless  chambers  without  production  of  foul 
smell  or  of  any  marked  amount  of  gas. 

Rabbits  are  not  much  affected  by  it  beyond  its  inducing  a  localised 
inflammatory  nodule  or  abscess.  Mice  are  more  susceptible ;  it  often 
proves  fatal  when  inoculated  subcutaneously  in  them. 

All  these  may  be  found  in  unopened  abscesses. 

Mia-ococcus  Pyogenes  Tenuis. 

The  term  was  applied  by  Roseiibach  to  this  somewhat  rare  microbe  on  account  of 
the  delicacy  of  its  colonies.  The  cocci  lie  together  in  small  numbers  ;  they  are  not 
arranged  in  groups.  Surface  cultivations  on  agar  produce  a  thin  film  almost  as 
transparent  as  glass  or  thin  varnish,  with  a  dark  central  streak  corresponding  to  the 
needle  track.  The  individual  micrococci  are  somewhat  larger  than  the  staphylococcus 
aureus  or  albus,  and  often  show  two  dark  stained  poles  with  less  stained  material 
between  them.     The  organism  appears  to  liave  only  local  pus-forming  properties. 

Staphylococcus  Pyogenes  CitreuSy  Staphylococcus  Cereiis  AUms  and  Flarus, 

These  appear  to  be  of  little  importance.  In  fact,  the  last  two  do  not  seem  them- 
selves to  cause  suppuration,  but  merely  to  accompany  it. 

Micrococcus  Tetragenus. 

This  has  been  found  in  pus  several  times.  It  is  pathogenic  for  mice  and  guinea- 
pigs,  but  it  is  questionable  whether  it  has  pyogenic  properties.  ( For  further  particulars 
see  Sect.  1150.) 

Bacillus  Pyogenes  Foetiilus, 

Discovered  by  Passet  (No.  11,  iiL  1885,  p.  68)  in  an  abscess  in  the  neighbourhood 
of  the  anus  (No.  650,  p.  61),  it  is  generally  associated  with  other  organisms  of  sup- 
puration. Krynski  (ref.  in  No.  651,  i.  1890,  p.  744  ;  orig.  in  Polish)  comes  to  the 
conclusion  that  it  can  excite  suppuration  in  healthy  tissues. 

Bacillus  Intracellnlaris  Meningitidis. 

Neumann  and  Schaffer  (No.  13,  cix.  1887,  p.  477)  have  isolated  a  bacillus  from 
the  exudate  of  purulent  meningitis  which   apparently   belongs  to  the  pyogenic 
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organisms.  Its  cultures  are  very  much  like  those  of  typhoid.  Weiehselhaum  (No.  11, 
y.  1887t  P*  573)  found  it  in  six  cases  of  cerebro-spinal  meningitis.  It  often  takes 
the  form  of  diplococci,  and  in  sections  of  the  spinal  cord  is  found  within  the  nenre 
cells.  It  colours  with  Loeffler's  methylene  blue,  and  decolorises  by  Gram's  method. 
Dogs  inoculated  on  the  dura  mater  with  the  organism  die  from  pachymeningitis. 


Gonococciis. 

The  properties  of  this  organism  as  an  exciter  of  catarrhal  suppuration  are  un- 
doubted.    The  organism,  however,  has  already  been  described  (p.  868). 

Among  the  pyogenic  badlli  the  following  may  also  be  mentioned : — 

Bacillus  of  Typhoid  Fever, 

In  periosteitis,  pleurisy,  etc.,  following  typhoid  the  characteristic  organism  has 
been  found,  and  the  general  impression  is  that  it  is  capable  of  exciting  tlie 
suppuration  accompanying  those  conditions  (see  Typhoid^  Sect  860). 

Bacillus  Pyocyanms. 

This  is  the  organism  of  blue  pus.  It  is  questionable  whether  it  is  possessed  of 
pyogenic  properties.  The  general  opinion  is  that  it  is  not  The  fact  that  it  is  so 
often  associated  with  suppurations  is  sufficient  excuse  for  describing  it  under  the 
present  heading. 

It  is  even  said  by  some  authors  that  it  is  not  pathogenic  With  this  Charrin 
(No.  641,  p.  25)  cannot  agree.  By  passing  the  organism  several  times  through  the 
body  of  the  rabbit  it  acquires  characters  which  are  decidedly  pathogenic,  and  which 
frequently  end  in  death.  According  to  the  quality  and  quantity  of  the  virus  injected 
the  disease  induced  by  it  may  assume  an  acute  or  a  chronic  type.  In  the  very  acute 
types  the  symptoms  are  those  of  loss  of  appetite,  somnolence,  and  often,  at  the  close, 
convulsions,  together  with  fever,  diarrhoea,  and  albuminuria.  It  never  seems,  how- 
ever, to  induce  blue  suppuration.  In  less  severe  forms^  among  other  phenoment, 
there  is  motor  paralysis.  It  appears  to  be  pathogenic  for  a  number  of  animals 
whose  temperature  is  widely  different,  such  as  the  pigeon,  rabbit,  guinea-pig,  and 
frog. 

It  is  composed  of  short  rods  from  1  /x  to  1  '5  /x  long  by  0*6  /i  broad.  So  short  is  it 
that  it  is  often  mistaken  for  a  micrococcus.  It  is  grouped  in  chains,  in  twos  and 
threes,  or  in  little  heaps. 

In  bouillon  it  is  very  motile.  On  u%bx  it  forms  a  film  on  the  surface,  the  blue- 
green  fluorescent  colouring  matter  underneath.  On  potato  the  growth  has  a  brown 
colour  and  a  mucous  consistence.  If  the  deepest  part  of  the  culture  is  exposed  to  air 
it  becomes  green.  The  green  colour  is  encouraged  by  alkalinity  of  the  basis ;  an  add 
reaction  causes  it  to  assume  more  of  a  red  tint,  which  in  course  of  time  becomes 
brownish  red.  On  milk  it  first  precipitates  the  casein,  then  dissolves  it,  and  in  doing 
so  disengages  ammonia.  When  this  happens,  the  milk  becomes  blue-green  in  coloar. 
Puncture  cultures  on  gelatine  begin  to  liquefy  the  medium  in  forty-eight  hours.  In 
the  course  of  eight  daytt  a  cupola  of  liquefaction  has  developed  at  the  upper  end  of 
the  track. 

Charrin  states  (No.  641,  p.  13)  that  it  develops  arthrospores.  The  contents  of 
the  bacilli  become  condensed  in  one  or  two  globules  around  which  the  enveloping 
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membrane  thickens.  These  condensed  parts  become,  so  to  speak,  encysted  celk  or 
arthrospores.  Their  resistance  to  heat  and  to  colouring  matters  is  greater  than  that 
of  the  bacilli  themselyes. 

It  grows  without  air,  but  under  such  circumstances  fails  to  secrete  the  character- 
istic colounng  matter  (see  Sect.  1114). 

Lastly,  it  should  be  mentioned  that  it  does  not  grow  on  pus  alone  ;  it  has  been 
found  in  the  sweat  of  an  individual  suffering  from  tetanus,  and  imparting  to  it  the 
blue  colour. 

BocUItis  Septicus  Vesica, 

This  organism  was  found  by  Clado  in  persons  suffering  from  pyo-nephritia  and 
cystitis.  It  is  a  motile  rod  which  is  not  decolorised  by  Gram's  process.  It  does 
not  liquefy  gelatine,  and  in  a  plate  culture  develops  punctiform  colonies  which 
remain  very  small.  On  agar  there  shows  a  delicate  film,  and  upon  this  numbers  of 
milk-white  colonies  develop.  Both  gelatine  and  agar  rapidly  become  alkaline.  It 
grows  readily  in  bouillon.     On  potato  it  forms  a  dry  light-brown  layer. 


UrobacUlus  Liquefaciens  Septicus. 

This  also  is  found  in  the  pus  of  pyo-nephritis  and  cystitis.  The  rods  are  short 
and  motile,  with  rounded  ends.  They  liquefy  gelatine,  and  are  decolorised  by 
Gram's  method.  One  distinctive  feature  of  the  growth  is  the  occurrence  of  a  nodule 
in  the  centre  of  the  liquefied  gelatine,  the  size  of  a  hemp  seed,  and  with  fringed  or 
frayed  margins.  On  agar  the  organism  spreads  out  in  a  grayish-white,  smooth 
pellicle.     Ammonia  is  evolved  from  the  cultures  with  a  smell  of  decomposed  urine. 


Inoculation  of  Pyogenic  Organisms  on  Man. 

1134.  Not  only  has  the  pyogenetic  power  of  these  organisms 
been  proven  experimentally  in  animals,  but  similar  proof  of  it  has 
been  forthcoming  in  Man.  By  personal  inoculation  Bockhardt  has 
shown  that  an  admixture  of  staphylococcus  p.  aureus  and  albus  intro- 
duced into  the  sldn  of  the  finger  is  capable  of  forming  an  abscess 
within  forty-eight  hours.  In  the  pus  of  the  abscess  the  aureus  was 
again  found. 

A  common  form  of  infection  from  the  cadaver  is  that  of  an  erup- 
tion of  a  number  of  small  fiunnculi  on  the  infected  parts.  They 
appear  in  from  twenty-four  to  thirty-six  hours  after  exposure  to  the 
poison.  Grarr6  has  induced  a  similar  eruption  on  the  arm  by  rubbing 
in  a  pure  culture  of  staphylococcus  p.  aureus.  The  pustules  usually 
fade  after  a  few  days,  while  in  some  cases  they  assume  almost  car- 
buncle-like characters.  The  latter  was  the  history  of  Garry's  self- 
imposed  experiment.  The  inflammation  around  the  pustules  became 
so  extreme  that  they  developed  into  bodies  having  quite  the  characters 
of  huge  carbimcles.  Where  there  is  no  actual  abrasion  or  wound  of 
the  surface  the  poison  finds  entrance  apparently  by  the  sweat  glands, 
sebaceous  glands,  and  hair  follicles. 
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The  Relationship  of  the  Micro-organisms  of  Pus 
TO  Suppuration. 

1135.  This  subject  has  already  been  referred  to  (vol  i.  p.  263). 
In  addition  it  may  be  remarked  that  Hueter's  original  dogma  of  "  no 
suppuration  without  micro-organisms"  has  met  with  pretty  general 
acceptance  of  late  years,  although  requiring  to  be  limited  in  some 
respects.  Ogston's  observations  (s^e  Bibliog.)  go  to  support  the  view 
that  whereas  the  pus  of  acute  and  pysemic  abscesses  always  contains 
microphytes,  that  of  chronic  cold  abscesses  usually  does  not  The  pus 
of  the  former  is  eminently  harmful  when  introduced  in  sufficient 
quantity  into  the  circulation  of  animals,  and  this  harmfulness  is  lost 
when  the  organisms  contained  in  the  pus  are  destroyed  by  heat  or 
carbolic  acid. 

Like  most  people,  however,  Ogston  does  not  absolutely  deny  that 
suppuration  may  occur  in  the  absence  of  such  micro-organisms,  and 
this  is  the  tendency  which  opinion  of  late  years  has  taken.  Steinhaus, 
for  instance  (No.  643,  p.  174),  after  much  experimental  investigation, 
has  come  to  the  conclusion  that  purely  chemical  substances  in  properly 
constituted  animals,  and  in  proper  doses,  may  induce  a  suppuration 
even  when  they  are  quite  sterile.  A  great  deal  seems  to  depend  upon 
the  animal  employed.  Substances  secreted  by  bacteria  and  freed 
from  the  bacteria  themselves  are  highly  pyogenic. 

It  may  be  mentioned  in  this  connection  that  chronic  abscesses  are 
often  of  tubercular  origin,  and  spring  from  tubercular  bone.  The 
discharge  from  such,  although  it  may  not  contain  ordinary  pyogenic 
organisms,  does  contain  very  frequently  the  bacillus  of  tubercle. 


Sources  from  which  Pyogenic  Organisms  are  derived. 

1136.  According  to  Watson-Cheyne  (No.  641,  p.  89)  pyogenic 
organisms  are  very  rarely  present  in  putrefying  fluids.  They  are 
sometimes  present  in  the  superficial  layers  of  the  soil.  One  of  the 
commonest  seats  outside  the  body  is  the  skin,  especially  where  it  is 
moist,  as,  for  example,  in  the  axillae,  between  the  nates,  between  the 
toes,  etc.  They  are  also  frequently  present  on  the  hair  and  in  the 
dirt  beneath  the  nails.  In  the  pharynx  and  in  nasal  mucus  they 
have  been  found  even  when  these  are  healthy. 

They  enter  wounds  chiefly  by  extending  inwards  under  the  dress- 
ings from  the  adjacent  contaminated  skin.  The  dead  epidermis  at  the 
sides  of  such  wounds  is  a  soil  upon  which  they  readily  flourish.  They 
apparently  but  seldom  fall  into  the  wound  from  the  air.  The  hands 
of  the  surgeon  or  of  his  assistants  are  no  doubt  a  ready  means  of  con- 
veying them  to  fresh  wounds.  And  not  only  so,  but  articles  of  con- 
stant use  in  a  ward  or  other  sick  chamber  are  liable  to  be  smeared 
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with  them  through  the  hands  of  those  engaged  in  dressing.  From 
these  articles  they  may  easily  find  access  to  wounds  as  yet  uncon- 
taminated. 

F&tTnation  of  an  Abscess, 

1137.  When  suppurative  cocci  are  introduced  into  the  tissues  of 
a  li\'ing  animal  they  soon  begin  to  fructify  in  the  part.  Around  them 
the  tissues  assume  a  somewhat  homogeneous  appearance,  and  are 
evidently  dead  or  dying.  This  is  probably  the  result  of  the  caustic 
action  of  their  chemical  products.  The  state  of  the  part  resembles  that 
of  the  cornea  when  touched  with  a  point  of  nitrate  of  silver.  Outside 
this  dead  area  there  forms,  after  a  day  or  two,  a  dense  ring  or  barrier 
of  small  round  cells,  which,  it  is  alleged,  acts  as  a  defence  against  the 
cocci  spreading  diffusely.  The  small  round  cells  behave  like  the  cells 
of  ordinary  granulation  tissue.  The  dead  area  next  becomes  pene- 
trated by  the  cocci  on  the  one  hand,  and  by  the  small  round  cells  on 
the  other.  Its  tissues  dissolve,  or  at  least  soften,  probably  by  the 
action  of  the  enzymes  secreted  by  the  cocci,  and  soon  a  central  core 
or  slough  of  the  part  results.  The  small  round  cells  form  the  pus, 
and  in  an  ordinary  furunculus,  for  example,  these  and  the  central 
dead  core  are  voided  when  the  abscess  is  opened. 

Strang^les. — By  this  is  meant  a  disease  of  the  horse  characterised 
by  the  occurrence  of  abscesses  in  the  lymphatic  glands  of  the  sub- 
maxillary, sub-parotidean,  and  retropharyngeal  regions.  Not  only  a 
set  of  glands,  but  the  surroundmg  tissues  for  some  distance  may  be 
involved  in  the  suppuration.  In  some  cases  the  abscesses  may  be  the 
size  of  the  fist,  in  others  the  glands  become  enlarged,  but  suppurate 
only  in  parts.  Schiitz  (No.  652,  xiv.  Heft  3 ;  Eng,  transL,  No.  445, 
L  1888,  p.  191)  has  isolated  what  appeara  to  be  a  specific  strepto- 
coccus from  the  pus. 

Pyjsmia  and  Pyogenic  Organisms. 

1138.  This  subject  has  already  been  discussed  (vol.  i.  p.  677). 
It  may  just  further  be  remarked  that  it  is  doubtful  if  acute  pysemic 
abscesses  are  the  result  of  the  organisms  of  suppuration  circulating  free 
in  the  blood.  We  know  that  they  may  be  present  in  great  numbers 
in  the  blood  without  giving  rise  to  abscesses.  They  are  evidently  much 
more  likely  to  excite  an  acute  abscess  when  attached  to  fragments  of 
clot  or  other  dead  tissue.  One  notorious  cause  of  pyaemia  is  the 
occurrence  of  suppuration  within  a  clot  in  a  vein,  and  the  transporta- 
tion of  its  fragments  to  a  distance  by  the  blood-stream.  Possibly  the 
explanation  is  that  the  embolus,  by  containing  a  large  quantity  of  a 
particular  organism,  offers  features  more  difficult  to  be  combated  by 
the  tissues  than  when  the  warfare  is  carried  on  against  the  same 
noxious  agent  singly  and  individually. 
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It  is  otherwise,  however,  when  a  tissue  or  organ  is  weakened  from 
any  cause.  Then  the  organisms  circulating  in  the  blood  can  easily 
overcome  its  feeble  powers  of  resistance,  and  an  abscess  or  a  series  of 
abscesses  follows. 

When  pus  containing  the  organisms  of  suppuration  is  injected  into 
the  circulation,  or  even  into  the  peritoneum  (Ogston)  in  small  quantity, 
it  may  not  lead  to  any  harmful  result.  Not  being  in  overwhelming 
quantity,  the  organisms  can  be  overcome  by  the  blood  phagocytes,  or 
may  in  part  be  eliminated  by  the  kidney.  Schweizer  (No.  13,  ex. 
1887,  p.  255)  found  that  when  a  green  coloured  organism,  with  which 
he  experimented,  was  injected  into  the  renal  artery,  it  was  thrown  out 
readily  in  the  urine.  How  they  manage  to  pass  the  renal  capillaries 
has  not  been  thoroughly  explained. 

The  blood-serum  of  patients  suffering  from  suppuration,  according 
to  Nissen  (No.  49,  1892,  i.  Ab.  2,  p.  275),  is  poisonous  to  mice  when 
injected  into  the  jugular  vein,  while  normal  serum  has  no  effect. 


Septicaemia. 

1139.  The  literal  meaning  of  the  word  is  that  of  "putrefying 
blood  "  {a-rprrucos,  putrefying,  and  af/xo,  blood),  or  a  condition  in  which 
putrefying  matter  has  been  introduced  into  the  blood.  As  our 
knowledge  of  the  poisons  fabricated  by  micro-organisms  became  more 
and  more  advanced  the  idea  entertained  by  surgeons  was  that  pyaemia 
represented  a  state  of  body  in  which  the  organisms  of  putrefaction  were 
themselves  taken  up  from  an  open  wound  or  other  source  of  contamina- 
tion. It  was  supposed  that  they  circulated  in  the  blood,  and  gave 
rise  to  abscesses  wherever  they  alighted.  Septicaemia,  on  the  other 
hand,  waa  held  to  be  a  morbid  state  of  body  induced  by  the  absorp- 
tion not  of  the  organisms,  but  of  the  poisons  formed  by  them. 
And  the  general  character  of  the  disease  favoured  this  idea.  The 
affected  individual  was  suffering  from  an  open  wound  or,  it  might  he, 
was  a  woman  lately  delivered  of  a  child.  The  wound  had  putrefied 
or  a  similar  state  of  matters  was  present  in  the  lochial  discharges. 
Feverish  symptoms,  with  vomiting  and  diarrhoea,  set  in  and  the 
sufferer  died.  After  death  no  particulai*  lesion  was  to  be  seen,  with 
the  exception  perhaps  of  punctiform  haemorrhages  in  the  serous 
membranes  and  elsewhere.  There  was  an  absence  of  pyaemic  abscesses, 
an  absence  possibly  even  of  slight  pleurisy  or  peritonitis.  The  cause 
of  death  certainly  was  not  apparent,  and  it  was  supposed  that  it  resided 
in  the  absorption  of  the  poisons  generated  in  the  wound. 

Septicaemia  of  Mice. — In  studying  this  subject  experimentally, 
it  was  found  by  Koch  (No.  653)  that,  if  a  comparatively  large  quantity 
of  a  putrid  fluid  is  injected  under  the  skin  of  a  mouse,  the  animal  dies 
within  a  few  hours,  apparently  from  the  quantity  of  toxic  products 
injected. 
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If,  however,  only  a  few  drops  of  such  putrid  fluid  are  employed, 
the  quantity  of  toxine  is  not  sufficient  to  kill  the  animal  at  once.  In 
a  large  proportion  of  cases,  however,  the  animal  contracts  a  bacillary 
disease,  showing  its  first  symptoms  generally  after  twenty-four  hours, 
and  dies  within  from  forty  to  sixty  hours  after  inoculation.  The  same 
disease  can  be  propagated,  over  and  over  again,  in  fresh  hosts  from  the 
blood  of  the  already  affected.  There  is  thus  established  a  disease  in 
mice  characterised  by  the  presence  within  the  blood  of  a  short  rod 
(•8  to  1  /A  long,  and,  approximately,  1  to  2  ft  broad),  and  to  this 
disease  Koch  applied  the  name  Septkasmia  of  mice.  The  organism  is 
generally  known  as  Bacillus  murisepticus.  It  is  immobile  and  retains  its 
stain  by  Gram's  process.     It  does  not  liquefy  gelatine. 

Field-mice  and  guinea-pigs  are  immune. 

Septicaemia  of  Rabbits. — Similarly,  when  (p.  53)  he  injected 
putrid  fluids  beneath  the  skin  of  rabbits,  they  gave  rise  to  a  local 
putrid  suppuration  of  the  part,  and  the  animal  died  in  about  three  days 
and  a  half,  with  its  blood  teeming  in  this  instance  with  what  he 
described  at  that  time  as  an  oval  micrococcus.  This  disease  could  also 
be  transmitted  from  one  animal  to  another.  The  so-called  coccus  was 
named  by  Koch  the  Micrococcus  of  Septicsemia  of  Babbits, 

Since  then  it  has  been  found  that  this  organism  is  a  minute  rod, 
and  that  it  is  identical  with  what  have  been  described  variously  as  the 
bacillus  of  fowl  cholera,  an  organism  obtained  by  Graff'ky  (No.  44,  i.) 
from  the  water  of  the  river  Panke,  and  the  organism  of  what  is  known 
as  Davaine's  septicemia  (No.  153,  1872,  1873).  It  also  appears  to 
be  identical  with  the  organism  of  the  diseases  of  animals  known  in 
Grermany  as  fTild-  and  Binderseuche.  Accordingly,  at  the  present 
time,  it  is  customary  to  look  upon  the  diseases  in  which  it  plays  the 
essential  part  as  of  the  same  nature,  and  to  include  them  under  the 
generic  term  of  Septicaemia  haemorrhagica,  the  organism  being 
known  as  Bacillus  septicaemia  haemorrhagicae. 

This  organism  is  widely  disseminated  in  nature  and  enters  into  most 
putrefactive  liquids.  On  accurate  measurement  it  proves  to  be  from 
1*4/4  long  by  0*6  to  0*7  ft  broad,  with  round  ends,  and  with  this 
peculiarity  that,  when  stained,  the  colouring  matter  fixes  itself  upon 
each  end,  and  on  superficial  examination  gives  rise  to  the  appearance 
of  two  cocci  held  together.  Pasteiu*  indeed  described  it  in  fowl  cholera 
as  a  diplococcus. 

It  grows  readily  on  different  media,  and  can  be  inoculated  easily 
upon  various  animals  such  as  the  chicken,  pigeon,  pheasant,  rabbit, 
mouse,  pig,  and  deer. 

Whether  it  ever  grows  upon  the  blood  of  Man  is  unsettled. 
Indeed  we  are  peculiarly  ignorant  of  what  the  organisms  are  which 
grow  on  the  blood  of  Man  as  a  result  of  putrefaction.  We  know  what 
those  are  which  accompany  suppuration,  but  suppuration  is  not 
necessarily  synonymous  with  putrefaction.  Those  organisms  which  are 
the  chief  cause  of  suppuration  do  not  occasion  putrefaction.     Whether 
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there  are  diseases  in  Man  which  correspond  with  those  of  the  mouse 
and  rabbit  just  referred  to  is  as  yet  unascertained. 

In  two  cases  of  puerperal  fever  Dol^ris  found  that  the  blood  was 
free  from  organisms  until  just  before  death.  He  found  further  that, 
on  their  appearance,  they  were  of  different  kinds,  and  that  a  constant 
and  abundant  supply  of  them  in  the  wound  or  other  source  of  infec- 
tion renders  the  chance  of  their  becoming  acclimatised  upon  the  blood 
greater  than  where  the  supply  is  small. 

The  lesson  therefore  to  be  derived  from  these  experiments  is  that 
putrid  fluids  can  and  do  confer  specific  microbal  diseases  upon  animals, 
the  particular  animal  picking  up  from  the  many  organisms  growing 
in  the  putrefying  part  the  one  which  grows  most  readily  upon  its 
blood.  So  far  as  our  knowledge  goes,  therefore,  we  are  entitled  to 
define  septicaemia  as  a  doss  of  diseases  indticed  primwiily  by  putrefacHre 
liquids  in  which  different  organisms  are  appropiiated  by  different  hosts  and 
live  upon  the  blood  of  the  host.  They  do  not  usually  give  rise  to  suppura- 
tion, but  prove  fatal  probably  through  the  toxic  products  secreted  by 
them. 

SAPRiEMiA  (a-awpos,  rotten  or  dead). 

1140.  It  is  possible,  however,  that  before  the  organisms  growing  in 
the  putrefactive  focus  have  found  their  way  into  the  blood,  the  system 
may  have  become  poisoned  by  the  toxines  secreted  by  them. 

We  know  that  certain  of  the  organisms  which  are  commonest  in 
putrefactive  liquids,  such  as  proteus,  secrete  violent  poisons  (Hauser, 
No.  649),  and  there  seems  good  reason  for  believing  that  these  may  be 
absorbed  and  give  rise  to  a  fatal  disease  without  the  organisms  which 
are  the  source  of  the  poison  being  spread  broadcast  throughout  the 
system.  Wo  have  analogous  instances  of  this  in  the  case  of  tetanus 
and  diphtheria.  One  of  these  poisons,  namely  sepsin,  develops  in 
putrefying  blood.  When  injected  into  the  jugular  vein  of  the  dog  it 
induces  vomiting  and  hsemorrhagic  diaiThoea. 

On  the  understanding  that  such  is  possible  in  the  case  of  putrefac- 
tive disease,  if  we  may  so  express  it,  the  term  Saprsemia  (Duncan)  is 
peculiarly  appropriate. 

Literature  on  Causes  of  Suppuration^  Pyxmia^  Septicaemia^  and  Saprasmia.— 
Andrcwcs:  Rep.  Med.  Off.  Loc.  Gov.  Bd.,  xx.  1891,  p.  273;  Ibid.,  xxL  1898,  p. 
209.  Blumbergf:  Arch.  f.  path.  Anat,  c.  1885,  p.  377.  Bumm:  Sitzungsb.  d. 
phys.-med.  Gesellsch.  zu  Wiirzburg,  1888,  p.  95.  Burgfinsky  (Staphylococcus 
ryogenes  Aureus) :  Arb.  a.  d.  Geb.  d.  path.  Anat  .  .  .  lust  zu  Tiibing.,  i.  1891. 
p.  63.  Cad^c  (Pyocyanic  Microbe):  Compt  rend.  Soc.  de  biol.,  ii.  1890,  p.  41. 
Charrin  :  La  maladie  pyocyanique,  1889  ;  a/«o,  Une  Septicemie  experimentale,  1885. 
Cheyne :  Suppuration  and  Septic  Disease,  1889.  de  Christmas :  Ann.  lustit. 
Pasteur,  ii.  1888,  p.  469.  Crookshank  (Question  of  Identity  of  Strept  Pyogenes 
and  Strept.  Erysipelatosus) :  Tr.  VII.  Interuat  Cong.  Hyg.  and  Deniog.,  1892,  ii. 
pp.  67,  68.  Dalfinger:  J.  Roy.  Micr.  Soc,  Lond.,  v.  1885,  p.  177.  Dreycr: 
Centralbl.  f.  d.  med.  Wissensch.,  xi.  1873,  p.  929.  Feltz  (Experimental):  Compt. 
rend.  Acad.  d.  Sc,  Ixxx.  1875,  p.  1338;  Ibid.,  Ixxxiv.  1877,  p.  1324.  Ferrari: 
Sul  bacillo  piocianico,  1889.     v.  Fodor  (Injectioti  of  Bacteria  into  the  Veins) :  Deut. 
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raed.  Wochnschr.,  xii  1886,  p.  617.  Forpie :  Des  septicemics  gangreneuses, 
1886.  Fraenkel  (Organisms  of):  Zeitschr.  f.  klin.  Med.,  x.  1886,  p.  402;  also, 
Wien.  med.  Wochnschr.,  xxv.  1885,  pp.  108,  141,  173.  Garri :  Fortschr.  d.  Med., 
iii  1885,  p.  165.     Gessard  (Pyocyanic  Microbe) :  Ann.  de  I'lust.  Pasteur,  iv.  1890, 

fe88.  Hauser :  Ueb.  Faulnissbacterien.  w,  d.  Beziehungen  zur  Septicaemie,  1885. 
illcr:  Centralbl.  f.  d.  med.  Wissensch.,  xii.  1874,  pp.  323,  337,  353,  369. 
Jimkowsld :  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  viii.  1890,  p.  221  ;  also,  Beitr. 
z.  path.  Anat.  ii.  allg.  Path.  (Ziegler),  vi.  1889,  p.  '225.  Jeannel  et  Laulani6 : 
Gaz.  hebd.  de  med.,  xiv.  1885,  p.  1194.  Kronacner:  Die  Aetiologie  u.  d.  Wesen 
d.  akuten  eitrigen  Entziindung,  1890.  Leber:  Die  Enstehung  d.  Entziindung, 
1891.  Levy :  Arch.  f.  exper.  Path.  u.  Pharmakol.,  xxix.  1891,  p.  135.  Lister 
(Miero-Organisnis  and  Inflammation) :  Lancet,  1881,  ii.  p.  695.  Lucet  (in  Bovine 
Species) :  Ann.  de  I'liist.  Pasteur,  vii.  1893,  p.  325.  Marthen :  Ueb.  blauen  Eiter, 
etc. ,  1 890,  Thesis.  Matthews-Duncan  (Sapreemia) :  Lancet,  1 880,  ii.  p.  684.  Mironoff 
(I.  against  Streptococcus) :  Corapt.  rend.  Soc.  de  biol.,  v.  1893,  p.  400.  Nathan : 
Arch.  f.  klin.  Chir.,  xxxvii.  1888,  p.  876.  Neumann:  Ztachr.  f.  klin.  Med.,  xix. 
1891,  Suppl.-Hft.,  p.  122.  OgfSton :  Brit.  Med.  Jom-n.,  1881,  i.  p.  369  ;  also,  Journ. 
Anat.  and  Physiol,  xvi.  1882,  p.  526  ;  Ibid.,  xvii.  1883,  p.  24.  Passet :  Fort- 
schritte  d.  Med.,  iii.  1885,  p.  33  et  seq.  Petri  (Malignant  (Edema) :  Centralbl.  f. 
d.  med.  Wissensch.,  xxii.  1884,  pp.  833,849.  Ribbert:  Dent.  med.  Wochnschr., 
XV.  1889,  p.  101.  Richet:  Arch,  de  med.  exper.  et  d'anat.  path.,  i.  1889,  p.  673. 
Rogfer :  Compt  rend.  Soc.  de  biol.,  iv.  1892,  p.  824.  Rosenbach :  Eng,  Transl. 
X.  Syd.  Soc.,  1886,  p.  397.  Steinhaus :  Die  Aetiologie  d.  acut.  Eiterungen,  1889. 
Wassilieff  (Micrococci  in  Vessels) :  Centralbl.  f.  d.  med.  Wissensch.,  xix.  1881, 

f.  929.  Winkler  and  Schrotter  (New  Green  Organism) :  Mitth.  a.  d.  embryol. 
nst.  d.  k.  k.  Univ.  Wien,  1890,  p.  60.  Wyssokowitsch  (Injection  of  Micro- 
organisms into  l^lood) :  Ztschr.  f.  Hyg.,  1886,  i.  p.  3.  Zuckermann  (Cause  of 
Suppuration) :  Centralbl.  f.  Bacteriol.  u.  Parasitenk.,  1887,  i.  p.  497. 


Actinomycosis. 

1141.  Definition. — A  disease  common  to  many  animnls  and  to  MaUy 
caused  by  the  vegetable  parasite  knovm  as  actinomyces  or  ray-fungus. 

Historical. — The  iiame  Actinomyces  or  Strahlenpilz  was  given  to 
the  parasite  by  Harz  (No.  50,  xv.  1877,  p.  484). 

NotMrithstanding  that  the  disease  is  one  to  which  cattle  fall  a  prey 
much  oftener  than  Man,  yet  curiously  it  was  in  Man  that  the  para- 
site was  discovered.  On  Israel  showing  v.  Langenbeck  the  surgeon 
some  of  the  pus  preparations  taken  from  the  human  subject,  the  latter 
was  reminded  of  a  case  which  came  under  his  notice  in  the  year  1845 
while  at  Kiel,  in  which  the  characteristic  cylindrical  fungus,  radially 
arranged,  was  found,  v.  Langenbeck's  case  was  one  of  vertebral 
abscess  with  fistulous  openings.  Among  the  discharge  little  tubercle- 
like bodies  were  discovered,  which  on  microscopic  examination  proved 
to  be  the  fungoid  masses  (see  account  of  this  case.  No.  13,  Ixxiv. 
1878,  p.  50). 

It  remained,  however,  for  Bollinger  (No.  50,  xv.  1877,  p.  481)  and 
Israel  (No.  13,  Ixxiv.  1878,  p.  15)  practically  to  rediscover  the 
disease,  the  former  in  the  jaws  of  cattle,  the  latter,  a  little  more  than 
a  year  later,  in  the  human  subject.  Israel  gave  what  is  almost  a 
complete  set  of  drawings  of  the  morphological  phases  of  the  life  history 
of  the  parasite.  Ponfick  shortly  afterwards  (No.  43,  xvii.  1880,  p. 
660)  confirmed  Israel's  observations. 
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In  animals  the  tumours  long  went  by  various  indefinite  names, 
such  as  osteo-sarcomay  spina  ventosa,  lymphadenoma,  etc. 

The  Disease  in  Animals. — Oxen  are  perhaps  more  subject  to 
the  disease  than  other  animals,  and  in  them  the  tongue  and  jaws 
are  the  parts  most  often  affected.  The  tongue  becomes  swollen  and 
so  hard  that  the  term  Wooden  tongue  is  applied  popularly  to  it 
Small  tumour-like  deposits  are  seen  within  it,  the  seat  of  the  fungus. 
The  jaws  also  become  infiltrated  with  the  tumour  masses ;  they  sup- 
purate and  discharge  through  intractable  sinuses.  The  bone  becomes 
opened  into,  and  new  bone  is  thrown  out  in  irregular,  masses. 


Fig.  579.— Actimomycks  from  Human  Liver. 


The  lung  is  not  so  often  implicated  in  cattle  as  other  parts,  but 
the  pharynx,  larynx,  oesophagus,  and  intestine  frequently  contain  the 
tumour-like  deposits.  The  disease  is  slow  in  its  course,  and  tends  to 
spread  from  one  organ  to  another.  In  some  cases  the  subcutaneous 
tissue  of  the  head  and  neck  is  the  seat  of  it. 

It  was  first  described  in  horses  by  Rivolta  and  Johne.  The 
stump  of  the  spermatic  cord  after  castration  becomes  infected  with  a 
parasite  (discomyces),  and  assumes  a  scirrhous-tumour-like  appearance 
(scirrhous  cord),  not  unlike  that  induced  by  actinomyces.  Dogs  and 
pigs  are  both  subject  to  actinomycosis ;  in  the  pig  the  disease  assumes 
the  form  of  pharyngeal  abscesses,  and  also  affects  the  mammary  gland. 
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The  Disease  in  Man. — In  Man  the  actinomyces  give  rise  to 
tumour  formations  and  abscesses.  There  is  hardly  an  organ  or  tissue 
in  the  body  which  is  exempt  from  them.  Thus  they  are  often  found 
in  the  lung  and  liver;  in  bone  they  occasionally  take  up  their  residence; 
and  in  a  case  described  by  Del^pine  (No.  192,  xl.  1888-89,  p.  420) 
they  gave  rise  to  multiple  tumours  and  abscesses  in  the  substance  of 
the  cerebral  hemispheres. 

The  tumour  in  the  lung  might  be  mistaken,  on  careless  examina- 
tion, for  a  sarcoma.  It  is  a  peribronchitic  growth,  and  on  section 
presents  a  peculiar  foliated  appearance,  which  once  seen  is  not  readily 
forgotten.  It  varies  in  size  from  a  millet  seed  to  that  of  a  walnut. 
In  the  abscesses  Del^pine  was 
able  to  detect  minute  clumps 
scattered  through  the  contents. 
On  compressing  them,  and  with 
the  use  of  a  high  power,  they 
were  seen  to  be  made  up  of 
coarse  branching  filaments. 

According  to  Israel(No.  582, 
1886,  p.  463)  there  are  three 
paths  of  entrance  in  Man — (1) 
the  mouth  and  pharynx;  (2) 
the  respiratory  passages;  and 
(3)  the  digestive  tract.  Rarely 
the  parasite  may  be  localised 
in  the  lower  jaw,  neck,  cheeks, 
bronchial  mucosa,  parenchyma 
of  the  lung,  the  chest  wall, 
intestinal  mucosa,  peritoneum, 

or  in  a  vertebral  abscess.     In  bronchitis  actinomycotica  the  sputum 
contains  the  parasite. 

As  time  goes  on  the  centre  of  the  mass  becomes  necrobiotic,  an 
event  which  is  accompanied  by  increase  of  the  actinomyces  groups. 
More  or  less  pus  shows  itself,  and  not  unfrequently  there  are  slight 
hsemorrhages.  Cavities  are  thus  formed  filled  with  soft  material 
composed  of  pus  cells,  fat,  blood-corpuscles,  blood-crystals,  and  actino- 
myces groups.  Around  these,  reactive  fibrous  tissue  is  thrown  out. 
The  walls  of  the  cavities  are  shreddy,  and  the  actinomyces  groups  are 
found  clinging  to  the  debris.  In  the  lung,  the  future  course  of  the 
disease  is  very  much  like  that  of  ordinary  phthisis.  The  prevertebral 
tissues  are  apt  to  become  infected  from  the  adjacent  pleura.  The 
disease  may  pass  through  the  base  of  the  lung  and  diaphragm  into 
the  abdomen  or  into  the  anterior  mediastinum. 

Morphology. — The  forms  which  the  parasite  assumes  are  the 
following: — (1)  Coccus-like  bodies  from  0-5  /*  in  diameter.  They 
are  very  numerous  in  the  large  colonies,  but  sometimes  occur  inde- 
pendently of   these.     (2)  Threads   0*6   /*  in   breadth   or   broader. 


Pio.  680.— Actinomyces  from  Tongue  or  Ox. 
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They  are  seen  better  in  unstained  than  in  stained  preparations,  and 
look  broader  when  unstained,  owing  to  the  sheath  being  visible. 
When  stained  and  clarified  it  is  the  contents  of  the  thread  alone 
which  colour.  They  are  sometimes  segmented  or  even  spirillar  in 
form  (M'Fadyean).  In  the  tissues  they  occur  without  the  clubs,  or  it 
may  be  that  the  clubs  are  found  in  one  area,  the  threads  in  another. 
In  most  cases,  however,  it  is  the  clubs,  not  the  threads,  which  prevail. 
In  Man,  however,  a  tangled  mass  of  threads  and  cocci  is  commonest. 
Seldom  does  it  happen  that  the  two  are  combined  in  the  same  focus. 
(3)  Club-forms.  Although  these,  as  just  said,  are  the  commonest 
and  most  characteristic  stage  of  actinomyces  growth,  yet  by  Bostrom 
(No.  654,  1885,  p.  94)  and  others  they  have  been  considered  as  degen- 
erate structures,  involuted  forms  arising  from  arrest  of  growth.  They 
are  long  clavate  bodies,  sometimes  branched,  and  arranged  in  a  radiate 
manner  around  a  centre  composed  generally  of  granular  matter.  By 
their  radiate  arrangement  they  constitute  rosette-like  colonies  of  round 
or  somewhat  ovate  shape  (Figs.  579,  580).  They  are  peculiarly  homo- 
geneous, and  are  made  up  of  a  membrane  outside  with  clear,  highly- 
ref ractile  contents.  The  pointed  end  always  looks  towards  the  centre  of 
the  rosette.  They  are  occasionally  so  loosely  attached  that  they  fall  out 
in  preparing  the  section.  When  they  are  combined  with  threads  the 
threads  lie  among  the  grantdar  debris.  The  end  of  a  thread  is  held 
by  Bostrom  to  run  into  the  club  and  to  be  surrounded  by  its  gela- 
tinous contents.  Indeed,  the  whole  club  is  often  regarded  simply 
as  a  mucoid  swelling  of  the  end  of  the  thread. 

-  By  others,  however,  the  clubs  have  been  looked  upon  as  true 
reproductive  organs,  and,  as  supporting  this  view,  spore-like  bodies 
have  occasionally  been  detected  within  thenL  These,  however,  after  a 
time  disappear. 

Around  the  rosette  of  clubs  there  is  generally  a  dense  layer  of 
small  round  cells  forming  what  is  usually  held  to  be  a  protective 
barrier  against  the  organism  spreading.  The  central  granular  part  of 
the  colony  sometimes  becomes  calcareous ;  the  calcic  material  dissolves 
in  mineral  acids  without  effervescence  (Del^pine). 

Classification  and  Life  History. — This  as  yet  remains  some- 
what unsettled.  The  clubs  have  been  described  as  spore -bforing 
basidia  or  conuUa.  It  has  also  been  alleged  that  they  resemble 
ascomycetes.  Delepine  (No.  192,  xl.  1888-89,  p.  429)  remarks  that 
there  is  a  remarkable  resemblance  between  them  and  the  sphacelium 
of  a  claviceps  (one  of  the  pyrenomycetes).  It  is  hard  to  say  whedier 
the  clubs  are  asci  or  not,  although,  as  before  remarked,  some  of  them 
contain  spore-like  structures. 

Bostrom  concluded  that  the  fungus  belongs  to  the  Cladothrix 
group  of  Schizomycetes  (p.  959),  and  that  it  is  possibly  identical  with 
Streptothrix  Forsteri  of  Cohn.  Certainly  there  is  a  close  resemblance 
in  the  culture  colonies  of  certain  varieties  of  streptothrix  and  those  of 
the  parasite  in  question.     In  Fig.  495  is  given  a  representation  of  a 
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growth  on  agar  of  actinomyces,  and  in  Fig.  497  one  of  streptothrix  of 
Eppinger.  In  both  there  are  the  same  spherical  masses,  easily 
detached,  and  when  detached,  retaining  their  circumscribed  character 
to  such  an  extent  that  they  float  about  in  the  condensation  liquid  at 
the  bottom  of  the  tube. 

Israel's  yiew  of  the  life  history  of  the  organism,  as  expressed  in  his  original 
work  on  the  subject  (No.  13,  Ixxiv.  1878^  p.  39),  is  as  follows: — The  feebly 
refractile  micrococous-like  granules  (Fig.  581,  C)  grow  into  threads  (A)  which  are  un- 
segmented,  wavy,  or,  here  and  there,  corkscrew-like,  and  by  no  means  seldom  dicho- 
tomoiisly  branched.  The  threads  may  throw  off  shining  spore-granules  at  their 
ends  or  laterally.  One  free  end  of  the  thread  swells  into  a  highly  refractile  pear- 
shaped  body  or  conidium  (B) ;  and  this  again  (D)  may  divide  into  a  niumber  of  seg- 
ments by  transverse  fission.  Pear-shaped  bodies  also  are  set  free,  and  by  budding, 
constriction,  division,  and  falling  to  pieces,  pass  through  a  series  of  metamorphoses 
whose  final   result  is  the  formation  of  shining  irregularly-developed  flakes  and 
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Fig.  581. — Drawino  illustratino  the  Like  History  or  AcnxoMYCEs  agcordimg  to  Israel 
(aft«r  H'Fadyean  ;  Reichert,  ^  o\\  iiiimersion). 

(A)  Small  colony  showing  central  core  of  cocci  (partly  out  of  focus)  and  radiating  fllaments, 
some  of  the  latter  branched  ;  (B)  irregular  group  of  cocci  from  which  proceeds  a  filament  ending  in 
a  dab ;  (C)  short  chains  of  cocci ;  (D)  cocci  developed  by  close  segmentation  of  a  filament{(Gentian- 
violet  and  Gram's  Method). 

granules.  Out  of  these  apparently  are  produced  the  finest  micrococcus-like  bodies. 
These  again  elongate  into  filaments.  He  thus  adopts  two  methods  of  genesis  of 
these  finest  granules  (cocci  or  spores),  namely,  from  the  filaments  and  from  the 
pear-shaped  conidia. 

Artificial  Culture. — In  order  to  succeed  in  cultivating  the  fungus 
artificially  from  an  original  colony  in  the  tissues,  it  seems  to  be 
necessary  that  the  colony  be  in  the  thread  stage  of  development,  not 
in  that  of  clubs.  Hence  growths  taken  from  Man  are  perhaps  more 
successful  than  those  from  the  lower  animals. 

On  the  surface  of  gelose  it  assumes  the  form,  in  from  the  third  to 
the  fifth  day,  of  amber-bead-like  isolated  colonies  (Fig.  495).  They 
are  peculiarly  elevated  and  loosely  attached,  so  that  if  there  be  any 
condensation  liquid  at  the  lowest  part  of  the  tube  they  are  easily 
shaken  off  and  fall  into  this.  Here  they  remain  in  their  bead  form, 
and  even  although  the  tube  is  roughly  shaken  do  not  tend  to  break 
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the  tonsils  of  the  pig.  They  have  also  been  discovered  adherent  to 
other  free  surfaces.  Sometimes  the  point  of  entrance  has  been  a 
carious  tooth,  a  wound  of  the  skin,  or  the  mucosa  of  the  bronchi. 

Israel  (No.  60,  xxiv.  1886,  p.  306)  describes  a  case  of  the  disease  in  the  lung 
acquired  apparently  directly  by  inhalation.  The  patient,  a  coachman,  had  been  in 
the  habit  of  sleeping  ou  straw  or  hay,  and  had  drunk  out  of  the  same  trough  as  his 
horses.  An  abscess  formed  under  the  left  mammilla  which  increased  in  size  and 
resolved  itself  into  an  ulcer.  He  became  emaciated.  The  left  half  of  the  chest 
assumed  a  shrunken  appearan(;e,  and  abscesses,  followed  by  ulcers  whose  secretion 
contained  abundant  ray-fungus,  developed  upon  it  The  fungus  was  also  present  in 
the  sputum.  After  death  a  large  cavity  was  found  at  the  base  of  the  upper  lobe. 
The  actinomycotic  infiltration  had  spread  through  the  pleura  into  the  chest  wall. 
The  liver,  spleen,  and  intestinal  mucous  membranes  were  waxy. 

He  believes,  however  (No.  92,  xxxiv.  1887,  p.  163),  that  the  parasite  is  not 
inhaled  from  the  atmosphere,  but  from  the  mouth  or  throat.  Teeth  with  cavities 
in  them  act  as  a  nidus  for  the  fungus.  He  says  that  he  has  established  the  fact  by 
a  long  series  of  observations.  In  one  case  he  found  in  the  lung  what  he  affirms  to 
be  a  piece  of  a  tooth  as  large  as  a  lentil.  It  had  the  structure  of  dentine.  An 
organism  has  several  times  been  detected  in  the  tartar  encrusting  the  teeth  and  in 
the  crypts  of  the  tonsils,  which  closely  simulates  actinomyces.  The  general  belief, 
however,  is  that  it  is  nothing  more  than  leptothrix  buccalis. 

It  should  be  added  that,  once  having  taken  hold  of  a  tissue  or  organ,  it  spreads 
throughout  the  body  apparently  through  the  agency  of  leucocytes  as  carriers  (Dele- 
pine,  No.  192,  xl.  1888-89,  p.  426). 

Literature  on  Actimyniycosis, — Bollinger :  Centralbl.  f.  d.  med.  Wissensch.,  xv. 
1877,  p.  481.  Bostrom  (in  Man) :  Beitr.  zur  path.  Anat.  u.  allg.  Path.  (Ziegler),  ix. 
1890,  p.  1.  Bristowe  (Gastro-intestinal) :  St.  Thomas'  Hosp.  Rep.,  xiv.  1886,  p. 
243.  Chiari  (of  Intestine) :  Prag.  med.  Wochnschr.,  ix.  1884,  p.  93.  Crookshank : 
Annual  Rep.  Agricultural  Depart.  Privy  Council  Office,  1888  ;  Trans.  VII.  Intemat. 
Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  105  ;  also.  Manual  of  Bacteriology.  Del^pine  : 
Trans.  Path.  Soc.  Loud.,  xl.  1889,  p.  408.  Eve  (Gastro-intestinal) :  Brit.  Med. 
Joum.,  1889,  i.  p.  584.  Firket:  Rev.  de  Med.,  iv.  1884,  p.  276.  Fleming:  Vet. 
J.  and  Ann.  Comp.  Path.,  xvi.  1883,  p.  73  et  seq.  Hamer :  Ztschr.  f.  Heilk.,  xi. 
1890,  p.  255.  Harlej  (Gastro-intestinal)  :  St.  Thomas'  Hosp.  Rep.  Lond.,  xv. 
1886,  p.  235  ;  aho,  Med.-Chir.  Trans.,  Lond.,  IxLx.  1886,  p.  135.  Israel  (Original 
Article) :  Arch.  f.  path.  Anat.,lxxiv.  1878,  p.  15  ;  also.  Arch.  f.  path.  Anat.,  Ixxxlvii. 
1882,  p.  364  ;  also  (in  Lung),  Centralbl.  f.  d.  med.  Wissensch.,  xxiv.  1886,  p.  306  ; 
also  (in  Lung),  Arch.  f.  klin.  Chir.,  xxxiv.  1886,  p.  160  ;  also  (Cultivation  of),  Arch, 
f.  path.  Anat.,  xcv.  1884,  p.  140.  Kischensky:  Archiv  f.  exp.  Path.  u.  Phar- 
makoL,  xxvi.  1889,  p.  79.  Linden:  Aktinomykose,  1892.  M'Fadjean:  Joum. 
Comp.  Path,  and  Therap.,  ii.  1889,  p.  1.  Pawlowsky  and  Maksutoff  (Phagocy- 
tosis in  A.) :  Ann.  de  I'lnst.  Pasteur,  vii.  1893,  p.  544.  Pflug  (in  lung) :  Oesterr. 
Vrtljschr.  f.  wissensch.  VeterinJirk.,  Iviii.  1882,  p.  13.  Ponfick  :  Die  Actinomykose 
d.  Menschen,  1882  ;  Berl.  klin.  Wochnschr.,  xvii.  1880,  p.  660  ;  Arch.  f.  path. 
Anat.,  Ixxxvii.  1882,  p.  541.  Pusch  (in  Lung):  Arch.  f.  wissensch.  u.  prakt. 
Thierh.,  ix.  1883,  p.  447.  Wolflf  and  Israel :  Arch.  f.  path.  Anat.,  cxxvi.  1891, 
p.  n. 

Mycetoma  (Madura  Foot). 

11 42.  The  clinical  featm-es  of  this  disease,  according  to  Bocarro  (No. 
59,  1893,  ii.  p.  797),  are  mainly  as  follows: — A  localised  tenderness 
develops  at  one  part  of  the  foot  or  hand,  never,  so  far  as  known,  on 
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the  trunk.  This  is  followed  by  a  local  tumefaction.  The  integument 
over  the  tumour  is  normal  in  colour,  or  more  often  of  a  blue  or 
purplish  hue.  Sooner  or  later,  it  may  be  in  a  year  or  even  in  two 
years,  the  tumour  suppurates,  and  the  pent-up  pus  evacuates  itself  and 
leaves  a  sinus  or  several  sinuses.  The  sinus  discharges  a  sero-piirulent 
liquid  in  which  are  either  black  gunpowder-grain-like  particles  or  pink 
bodies  of  roe-like  appearance.  The  detection  of  these  bodies  at  once 
establishes  the  nature  of  the  malady.  The  disease  is  very  intractable, 
the  number  of  the  external  openings  of  the  sinuses  increases,  and  the 
internal  ramifications  become  more  complex.  There  is,  however,  no 
marked  constitutional  disturbance.  The  disease  from  beginning  to  end 
is  essentially  local. 

The  idea  has  for  long  prevailed  that  it  is  caused  by  a  parasitic 
microphyte.  Carter  (No.  665)  supposed  that  this  was  an  indigenous 
mould,  the  Chionyphe  Carteri.  Lewis  and  Cunningham,  however, 
were  sceptical  of  its  parasitical  nature.  Kanthack  more  recently  haa 
tried  to  establish  the  identity  of  the  parasite  with  actinomycosis. 
Boyce  and  Surveyor  (No.  149,  liii.  1893,  p.  110)  hold  that  the  black 
particles  represent  a  curious  metamorphosis  of  a  large  branching 
septate  fungus ;  whilst  the  white  particles  consist  mainly  of  caseous 
material  and  of  the  remains  of  a  lowly  organised  fungus  presenting 
in  very  many  instances  some  of  the  characteristics  of  actinomycosis. 
And  here,  for  the  present,  the  matter  of  the  pathology  of  the  affec- 
tion rests. 

Influenza  (ItaL  an  influence), 

Syn, — ^La  grippe  (Sauvages). 

1143.  Historical. — The  history  of  influenza  shows  that  there 
have  been  many  epidemics  and  pandemics  of  the  disease  in  bygone 
times.  The  outbreak  with  which  we  are  most  familiar  was  said  to 
have  started  in  Bokhara  in  May  1889.  Thence  it  spread  to  St 
Petersburg  in  October,  Berlin  in  November,  Paris  in  December,  and 
to  England  at  a  somewhat  uncertain  period.  It  was  most  severe  in 
London  during  January  1890,  but  had  been  in  the  country,  it  was 
said,  as  early  as  October.  It  soon  spread  over  the  whole  kingdom 
from  the  Orkney  Islands  down  to  the  south  of  England. 

Clinical  Tjrpes. — These  are  chiefly  the  respiratory,  the  gastric,  and 
the  nervous.  The  respiratory  is  perhaps  the  commonest  of  the  three. 
Both  in  the  respiratory  and  gastric  forms  the  essential  character  of  the 
affection  is  a  catarrh  accompanied  by  great  nervous  depression,  pros- 
tration, neuralgic  pain,  frontal  headache,  etc.  The  respiratory  form 
frequently  ends  fatally  by  the  supervention  of  a  pneumonia. 

The  disease  has  a  great  tendency  to  recur ;  the  period  of  immunity 
conferred  by  one  attack  in  no  wise  protects  the  individual  from  a 
second  or  a  third.  The  symptoms  of  the  disease  have  a  close  resem- 
blance to  those  of  Dengue  fever. 
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The  Expectoration. — ^In  the  respiratory  form  the  expectoration 
is  copious,  of  a  gray-green  colour,  and  very  viscous.  It  is  secreted  in 
compact  masses,  and  often  very  abundantly.  It  comes  from  the  nose 
and  larynx  in  minor  cases,  in  those  which  are  more  severe  from  the 
bronchi  and  lung.  In  the  early  period  of  the  disease^the  pus  cells  of 
the  sputum  do  not  contain  the  bacillus  of  the  disease.  Later  on,  the 
pus  cells  are  always  found  to  contain  it,  and  free  bacteria  disappear. 
During  convalescence  the  bacteria  first  begin  to  stain  badly,  and  finally 
altogether  vanish.     The  sputum  is  evidently  the  medium  of  contagion. 

The  Pneumonia.  —  This  is  distinguished  from  the  ordinary 
croupous  type  by  the  fact  that  there  are  area«  of  vesicular  lung 
tissue  between  the  infiltrated  parts.  In  the  centre  of  each  foyer  of 
infiltration  there  is  a  minute  yellow  point,  a  bronchus  filled  with 
muco-pus.  The  pus  can  be  readily  squeezed  out  The  blood-vessels 
of  the  infiltrated  patches  are  congested.  The  peribronchial  tissue  is 
said  to  be  invaded  by  migratory  cells ;  the  centre  of  the  affected 
area  is  stated  also  to  contain  many  of  the  same.  Throughout  the 
patch  there  are  sometimes  little  cavities  which  Pfeiffer  takes  for 
small  abscesses ;  they  impart  a  porous  aspect  to  a  section  of  the  part 
There  is  stated  to  be  a  complete  absence  of  fibrin.  Large  pigmented 
cells  are  found  here  and  there,  but  the  main  element  of  the  infiltration 
is  piunlent  Gangrene  and  emphysema^  and,  it  is  said,  caseation  may 
follow.  Complications  such  as  middle  ear  otitis  and  meningitis  supervene 
in  some  instances. 

The  Organism. — Pfeiffer's  observations  (No.  93,  1892,  No.  ii. ; 
Discussion  on  No.  43,  1892,  No.  xlv. ;  also,  No.  49,  1892,  i.  Ab.  2, 
p.  9)  were  founded  on  the  examination  of  thirty-one  cases.  In  all,  he 
detected  a  special  bacillus  in  the  bronchial  secretion,  mostly  in  the 
form  of  an  almost  piu'e  culture,  in  great  quantity,  and  often  enclosed 
within  cells.  It  penetrated  into  the  peribronchial  tissue,  and  even 
into  the  pleural  cavity.  It  is  found  exclusively  in  influenza.  With 
the  drying  up  of  the  catarrhal  secretion  it  vanishes.  The  bacilli 
show  as  tiny  rods  somewhere  about  the  thickness  of  those  of  mouse 
septicaemia,  but  only  half  as  long.  They  stain  best  with  ZiehFs  solution 
or  warm  Loeffler's  methylene  blue.  The  ends  take  on  the  colour  most 
intensely,  so  that  their  appearance  somewhat  resembles  that  of  diplococci. 
They  lose  their  colour  by  Gram's  method.  They  are  inunobile  in  drop 
cultures. 

Notwithstanding  what  Pfeiifer  asserted  to  the  contrary,  Pfuhl 
(No.  43,  1892,  Nos.  xxxix.  and  xL ;  No.  49,  1892,  ii.  Ab.  1,  p.  11) 
and  Bruschettini  (No.  133,  1892,  xvi  ;  No.  49,  1892,  i.  Ab.  2,  p.  11) 
have  found  organisms  in  the  blood  identical  with  those  described. 
Not  only  so,  but  where  the  individual  has  suffered  from  brain  com- 
plications Pfuhl  has  found  the  bacilli  in  great  numbers  in  the  cerebro- 
spinal liquid,  while  the  capillary  vessels  of  the  brain  contained  throm- 
botic masses  of  them.     Once  he  found  them  in  a  brain  abscess. 

Culture. — The  bacillus  was  first  grown  on  a  1  per  cent  sugar- 
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agar  medium.  Its  cultivation  under  any  circumstances  is  a  matter 
of  difficulty ;  one  tube  may  show  a  luxuriant  growth,  another  remain 
sterile.  The  best  medium  is  human  blood,  next  rabbit's  blood.  A 
convenient  medium  is  g«^lose  mixed  with  blood.  This  can  be  heated  to 
70°  C.  without  losing  its  efficiency.  The  bacillus  fails  to  grow  on  blood- 
serum. 

To  obtain  a  pure  culture  Pfeiffer  makes  an  emulsion  of  sputum 
with  one  or  two  cubic  centimetres  of  bouillon.  This  is  sown  on  the 
surface  of  g^lose  smeared  with  blood.  The  colonies  are  so  small 
that  a  pocket-lens  may  be  required  for  their  detection.  The  difficulty 
of  recognising  them  is  increased  by  the  fact  that  they  possess  the 
transparency  of  water. 

The  highest  temperature  at  which  the  bacillus  will  grow  is  42°  C, 
the  lowest  26°-27°  C.     The  optimum  is  that  of  the  body. 

It  is  aerobic,  and  a  certain  humidity  is  necessary  for  its  main- 
tenance and  increase. 

Resistance  to  External  Agents. — In  sputum,  the  bacilli 
preserve  their  vitality  for  fourteen  days.  They  are  easily  destroyed 
by  drying.  Colonies  are  sterilised  within  twenty -four  hours  by 
drying,  sputum  after  forty  hours.  Heating  above  60°  C.  kills  bouillon 
cultures  in  ^vq  minutes. 

Inoculability. — Monkeys  and  rabbits  give  positive  results,  other 
animals  are  refractory.  By  rubbing  the  bacillus  into  the  nasal  mucous 
membrane  of  monkeys,  or  by  injecting  it  into  the  lung,  he  called  forth 
symptoms  similar  to  those  of  human  influenza.  These  observations 
have  been  confirmed  by  Beck  (No.  22, 1892  ;  also,  No.  49, 1892,  iLAb. 
1,  p.  10)  and  Weichselbaum  (No.  611,  1892,  Nos.  xxxii.  and  xxxiii. ; 
also,  No.  49,  1892,  ii.  Ab.  1,  p.  10). 

Contag^ion. — The  disease  is  evidently  communicated  from  Man 
to  Man  by  contagion.  The  bacillus  is  abundant  in  the  sputum,  more 
especially  in  the  green -yellow  sputum  at  the  deepest  part  of  the 
crachoir. 

Horses  suffer  from  a  disease  known  popularly  as  "  pink  eye,"  a 
catarrhal  affection  which  disables  them  for  several  days,  and  which  is 
accompanied  by  conjunctivitis.  It  has  been  alleged  that  this  disease  of 
the  horse  can  communicate  influenza  to  Man  and  vice  versd.  Although 
epidemics  of  equine  influenza  may  have  prevailed  accidentally  in  different 
parts  of  Europe  at  the  time  when  human  influenza  was  rampant,  yet 
there  is  an  absence  of  evidence  connecting  the  occurrence  of  the  one 
with  that  of  the  other. 


Tubercle. 

Sufficient  has  already  been  detailed  of  the  morphological  characters 
of  the  tubercle  bacillus,  its  staining,  the  localities  in  which  it  occm^ 
and  its  relationship  to  the  tissues  in  which  it  grows  (see  Index).    It 
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remains  to  indicate  briefly  the  features  of  its  artificial  cultivation. 
The  medium  on  which  the  bacillus  was  originally  grown  by  Koch 
was  stiflfened  blood-serum,  and  for  long  it  was  supposed  that  it  would 
grow  on  nothing  else.  As  discovered  by  Roux,  however,  the  addition 
of  from  5  to  6  per  cent  glycerine  to  almost  any  medium  has  the  effect 
of  rendering  that  medium  quite  as  suitable  for  the  purpose,  if  not 
more  so,  than  blood-serum. 

On  glycerine-agar  it  grows  in  the  form  of  little  gray  curdled- 
milk-like  patches  or  spots  which  tend  to  become  confluent  as  time 
goes  on  (Fig-  501,  Coloured  Plate).  Ultimately  a  honeycomb  sort 
of  surface  results  (Fig.  502,  Coloured  Plate),  rough,  corrugated,  and 
very  dry.  The  spotted  or  patchy  appearance  develops  in  from  two 
to  three  weeks,  but  the  honeycomb  aspect  is  not  visible  till  several 
weeks  afterwards,  sometimes  not  till  months  have  elapsed. 

On  glycerine-beef-tea  the  growth  falls  down  to  the  bottom  of 
the  flask.  When  shaken  up,  the  sediment  rises  in  clouds  which  soon 
subside. 

The  power  of  retaining  the  basic  aniline  dye  in  presence  of  a 
mineral  acid  is  never  so  great  in  an  artificial  culture  as  in  sputum  or 
in  the  tissues. 

The  optimum  temperature  is  that  of  the  body.  The  bacillus  fails 
to  grow  a  few  degrees  above  or  below  this. 

Literature  on  Infliienza. — Canon  (Micro-organism) :  Brit.  Med.  Joiim.,  1892,  i. 
p.  129  ;  also,  Deut.  med.  Wochnschr.,  xviii.  1892,  p.  28  ;  also  (I.  Bacilli  in  Blood) : 
Arch.  f.  path.  Anat.,  cxxxi.  1893,  p.  401.  Comil  and  Chantemesse :  Bull.  Acad. 
de  med.,  xxrii.  1892,  p.  173.  Dieudonn^  (Influenza  of  Horses  and  its  relationship 
to  Human  Pneumonia) :  Deut.  mil.  arztl.  Ztschr.,  xxi.  1892,  p.  99.  Friedrich  :  Arb. 
a.  d.  k.  Gesundheitsamte,  Berl.,  vi.  1890,  p.  254.  Grasset:  Lemons  sur  la  grippe 
de  hiver  1889-90,  1890.  Greenwood :  Practitioner,  xlviii.  1892,  p.  401.  JacoDi 
(Historical) :  Trans.  N.  Y.  Acad.  Med.  (1890),  1891,  2  s.,  vu.  p.  61.  Kirchner: 
Ztschr.  f.  Hygiene,  ix.  1890-91,  p.  628.  Kitasato  (Bacillus)  :  Brit.  Med.  Journ., 
1892,  i.  p.  128  ;  also,  Deut.  med.  Wochnschr.,'  xviii.  1892,  p.  28.  Klein  (Bacillus)  : 
Brit  Med.  Journ.,  1892,  i.  p.  170.  Letzerich  (Bacillus  of  I.) :  Ztschr.  f.  klin.  Med., 
XX.  1892,  p.  274.  Pfeiflfcr :  Deut.  med.  Wochnschr.,  xviii.  1892,  pp.  28,  465,  and 
813  ;  also,  Brit.  Med.  Journ.,  1892,  i.  p.  128  ;  also,  Wien.  med.  Bl.,  xv.  1892,  p.  345  ; 
also,  Ztschr.  f.  Hyg.  u.  Infectionskrank.,  xiii.  1893,  p.  357.  Pfeiffcr  and  Beck: 
Deut.  med.  Wochnschr.,  xviii.  1892,  p.  465.  Report  by  Parsons,  with  Introduc- 
tion by  Officers  of  the  Local  Gov.  Board,  1891.  Rtpperg^er  :  Die  Influenza,  1892. 
Sisley:  Epidemic  Influenza,  1891.  Thombnry:  N.  Y.  Med.  Rec,  xli.  1892,  p. 
621.  Williams  (Hoi-se) :  Vet.  Journ.  and  Ann.  Comp.  Path.,  xxxiii  1891,  p.  73. 
Wolff:  Die  Influenza-Epidemie  1889,  1892. 
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Glanders. 

1144.  Definition. — A  specific  disease  inoaUdble  upon  many  of  the 
lower  animals^  hut  occurring  naturally  for  the  most  part  in  those  of  the  equtM 
race  and  in  Man,  It  is  characterised  by  tlie  formation  of  tumours  and 
abscesses  in  different  regions  of  the  body^  caused  by  the  presence  of  a  mail 
microphyte,  the  Bacillus  mallei.  The  disease  runs  an  acute  or  chronic 
course,  is  very  malignant,  and  usually  ends  fatally. 

Animals  afTectecL — The  horse  is  more  often  the  subject  of 
glanders  than  any  other  animal,  and  when  the  disease  shows  itself  in 
Man  it  has  generally  been  contracted  from  this  animal.  The  ass  does 
not  take  it  often  naturally,  but  there  is  no  animal  more  readilj 
inoculated  artificially.  The  cat  and  guinea-pig  can  also  be  easily 
inoculated.     The  bovine  race  are  held  to  be  exempt. 

Manifestations  in  Animals. — In  the  horse  the  mucous  mem- 
brane of  the  nose  is  perhaps  more  constantly  the  seat  of  lesion  than 
any  other  part  Papules  the  size  of  a  lentil  or  larger  develop  on  the 
mucous  membrane,  chiefly  of  the  septum  nasi.  These  in  course  of 
time  suppurate  and  ulcerate,  and  from  them  a  glairy  or  mucopurulent 
discharge  is  thrown  off  which  runs  from  the  nostril.  In  course  of 
time  the  trachea  and  lung  become  infected.  The  lesion  of  the  trachea 
is  very  much  like  that  of  the  nares,  but  in  the  lung,  nodules  the  siie  of 
a  pea,  a  filbert,  or  larger,  develop  at  intervals  throughout  its  substance. 
These  in  certain  instances  may  suppurate.  They  somewhat  resemble 
tubercle  nodules,  but  do  not  tend  to  caseate  as  tubercle  nodules  da 

The  lymphatic  glands  throughout  the  body  soon  become  con- 
taminated. Those  in  the  neck  are  particularly  prone  to  do  so.  Chains 
of  them  can  be  seen  and  felt  underneath  the  skin,  all  in  a  state  of  en- 
largement and  induration.  The  name  "glanders"  is  given  to  the 
disease  on  account  of  the  great  enlargement  to  which  the  lymph- 
glands  are  subject.  Tumour  masses  also  show  themselves  in  the  skin, 
and  to  these  the  term  Farcy  is  usually  applied. 
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In  Man  the  disease  manifests  itself  by  the  occurrence  of  abscesses 
in  different  parts  of  the  body,  some  situated  deeply,  others  superficially. 
Furuncles  may  form  on  the  face,  and  be  accompanied  by  more  or 
less  cedematous  swelling.  Irregularly-shaped  ulcers  are  found  within 
the  nares.  The  joints  may  be  swollen  and  painful,  and  the  whole 
extremities  cedematous  from  the  abscesses  located  within  them. 

Examined  microscopically,  the  nodules  are  essentially  fibrous  tissue 
growths,  with  a  greater  or  less  predominance  of  cellular  elements 
according  as  the  tendency  to  suppurate  is  well  or  ill  marked.  In  the 
case  of  the  lung  the  appearances  diff*er  in  correspondence  with  whether 


Fio.  682.— Pulmonary  Glanders.    Section  of  a  Branch  or  the  Pulmonary  Artery 

SHOWING  THE  BaCILLI   PENETRATING  THE  WaLL. 


the  nodule  examined  is  primary  or  secondary.  Leclainche  and 
Montana  (No.  423,  vii.  1893,  p.  481)  say  the  spread  of  the  disease 
through  the  lung  is  essentially  along  the  lymph  paths.  From  a 
central  fot/er  secondary  nodules  radiate  very  much  as  in  the  case  of 
chronic  tuberculosis.  The  central  fot/er,  as  described  by  Czoker  (ref. 
by  Leclainche  and  Montane,  No.  423,  vii.  1893,  p.  483),  is  initiated  by 
a  tumefaction,  desquamation,  and  accumulation  of  the  alveolar  epi- 
thelium. Then  there  develops  a  more  or  less  necrosed  central  area 
within  the  infiltrated  patch,  composed  of  fatty  round  cells  and  dis- 
sociated alveolar  walls.     This  central  zone  of  degeneration  is  limited 


1 034  S YSTEMA TIC  BA CTERIOLOG  Y  part  iv 

externally  by  a  compact  zone  formed  of  leucocytes.  Outside  this 
again  there  is  a  third  more  fibrous  layer,  constituting  as  it  were  a 
limiting  shell. 

The  Bacillus.— Loeffler  and  Schutz  (No.  93,  1882;  also,  Eng. 
Transl,  N.  Syd.  Soc,  1886,  p.  387)  found  fine  rods  in  sections  of 
the  lung,  liver,  and  septum  nasi  which  are  now  proven  to  be  the  cause 
of  the  disease.  They  are  about  the  size  of  tubercle  bacilli,  and  either 
lie  free  or  are  included  within  cells.  They  are  not  found  often  in  the 
cells  constituting  the  barrier  wall  of  the  foyer.  They  are  straight,  and 
have  a  breadth  of  from  0'2-0*3  fi ;  rarely  they  obtain  a  breadth  of 
0'4c  fjL  Sometimes  they  are  in  the  form  of  a  diplo-bacillus.  They 
colour  readily  enough  with  most  aniline  dyes,  but  do  not  retain  the 
colour  with  Gram's  method.  The  stained  bacilli  from  old  cultiu^ 
sometimes  have  the  appearance  of  coloured  grains  arranged  in  chaplets 
(Fig.  582).  These  are  the  chromatic  parts  of  the  bacillus ;  they  stain 
differently  from  other  parts.  Thus  with  Ehrlich's  red,  and  subsequently 
with  methylene  blue,  they  come  out  of  a  red-violet,  and  with  Loefiier's 
methylene  blue  they  stain  violet. 

It  is  easily  destroyed  by  heat ;  a  temperature  of  55°  C.  for  ten 
minutes  proves  fatal  to  it.  Germicides  also  readily  destroy  it  It  does 
not  appear  to  spore. 

Staining. — The  bacillus  can  be  stained  in  Ziehl-Neelsen's  carbohc 
fuchsin  or  carbolic  methylene  blue,  decolorising  subsequently  with 
distilled  water  or  with  a  2  per  cent  solution  of  hydrochloric  acid. 

Nonievicz  (No.  49,  1891,  i.  p.  281)  recommends  the  following : — 

(1)  The  sections  are  taken  out  of  alcohol  and  placed  in  Loeffler's  methylene  blue 
solution  ^  for  two  to  five  minutes. 

(2)  They  are  washed  and  transferred  to  the  decolorising  solution,  which  consist 
of  75  parts  of  a  i  per  cent  solution  of  acetic  acid  and  25  parts  of  a  i  per  cent 
turpentine-water-solution.  The  time  in  which  the  section  lies  in  this  liquid  varies 
in  accordance  with  the  thickness  of  the  section.  Those  which  are  pretty  thick 
should  have  from  two  to  five  seconds. 

(3)  The  preparations  are  next  washed  in  distilled  water,  transferi'ed  to  the  slide, 
the  water  removed  with  blotting  paper,  and  left  to  dry  in  the  air  or  gently  heated 
over  a  spirit  lamp. 

(4)  They  are  treated  ultimately  M-ith  xylol,  and  mounted  in  Canada  balsam. 
The  longer  they  lie  in  the  xylol  the  clearer  they  become. 

Artificial  Culture. — The  bacillus  grows  readily  on  the  surface 
of  gelatine,  and  does  not  liquefy  it  On  a  line  inoculation  of  the  sur- 
face of  the  gelatine  medium  the  culture  assumes  the  aspect  of  a  perfectly 
smooth,  uniform,  and  homogeneous  single  colony  (Fig.  507).  It  is 
peculiarly  slimy  or  honey-like,  of  a  faint  grayish  colour,  and  is  without 
differentiation  of  surface.  The  edges  are  regular,  not  indented,  and 
the  growth  spreads  out  more  towards  the  lower  end  of  the  tube  than 
the  upper,  so  that  it  is  somewhat  spatula-like  in  form. 

1     30  CC.  sat.  alcoh.  sol.  meth.  blue. 
100  CC.  potash  solution  1 :  10,000  (0*01  per  cent). 
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Cultures  on  potato  assume  a  light  chocolate  tint  (Fig.  506).  The 
colour  resembles  that  of  bacillus  pyocyaneus  grown  on  the  same  medium. 

Inoculation. — The  virulence  of  the  culture  does  not  seem  to 
decrease  with  age.  When  inoculated  on  the  nasal  mucous  membrane 
of  the  horse,  and  on  the  two  shoulders,  Loeffler  and  Schtitz  (No.  93, 
1882  ;  also,  Eng,  Transl.,  Syd.  Soc.)  found  that  in  forty-eight  hours  the 
animal  showed  evidence  of  high  fever.  At  the  points  of  inoculation 
there  were  deep  ulcers  and  the  knotted  cords  of  glanders.  In  eight 
days  there  were  pronounced  clinical  signs  of  glanders.  In  four  weeks 
the  ulcers  began  to  heal,  and  the  animal  seemed  to  recover.  On  killing 
it,  however,  the  body  was  found  to  be  filled  with  glanders  nodules. 

White  mice  appear  to  be  insusceptible,  but  the  common  gray  mouse 
takes  the  disease  readily. 

Subcutaneous  injection  or  contact  of  the  virus  with  a  wound  is  the 
best  method  of  communicating  the  disease.  It  can  also  be  conferred 
by  injection  of  the  bacillus  into  the  trachea,  but  not  so  surely.  Babes 
(No.  646,  p.  23)  says  that  it  may  also  be  conferred  by  mbbing  the 
culture  into  the  skin.  The  bacillus  enters  by  the  hair  follicle.  It 
next  penetrates  through  the  epithelium,  and  makes  its  way  into  the 
lymphatic  spaces. 

An  inoculation  made  through  the  skin  of  the  horse  may  induce  an 
eruption  of  tubercles  on  the  mucous  membrane  of  the  nose. 

It  should  be  mentioned  that  the  discharge  from  the  nose  is  highly 
contagious. 

Literature (^ Glanders,— rBahes  l  Arch,  de  med.  exp^r.  et  d'anat.  path.,  iii.  1891, 
p.  619  ;  alsoy  Annales  de  Tlnstitut  de  Path,  et  de  Bacteriol.  de  Bucharest,  ii.  1893,  p. 
1 8.  Babes  and  Motoc :  Annales  de  I'lnstitut  de  Path,  et  do  Bacteriol.  de  Bucharest, 
ii.  1893,  p.  63.  Finger:  Beitr.  z.  path.  Anat  u.  z.  allg.  Path.,  vi.  1889,  p.  375. 
Finkelstein  (Strauss'  rapid  Method  of  Diagnosis) :  Ceutralhl.  f.  Bakteriol.  u.  Para- 
sitenkrank.,  xi.  1892,  p.  433.  Gamal^a :  Ann.  de  I'lnst.  Pasteur,  iv.  1890,  p.  103. 
Israel:  Berl.  klin.  Wochnschr.,  xx.  1883,  p.  155.  Leclainche  and  Montana : 
Ann.  de  Plnst.  Pasteur,  vii.  1893,  p.  481.  Ldffler:  Arbeit,  a.  d.  k.  Gesund- 
heitsamt,  i.  1886,  p.  141.  Lbffler  and  Schiitz :  Deut.  med.  Wochnschr.,  No.  52, 
1882  ;  see  also,  Eng.  TransL  N.  Syd.  Soc,  1886,  p.  387.  Nocard  (Inoculation 
through  Skin):  Bull.  Soc.  centr.  de  med.  vet,  viii.  1890,  p.  322.  Nonevitch 
(Staining  of  Bacillus) :  Arch.  vet.  nauk.,  St  Petersburg,  i.  1890,  p.  97.  Rabe 
(Histology) :  Jahresb.  d.  k.  Thierarzneischule  zu  Hanover,  Ber.  9,  12,  and  13,  1877- 
1881.  Schiitz:  Journ.  Comp.  Med.  and  Surg.,  vii.  1886,  p.  196.  Tedeschi 
(Inoculation  on  Central  Nerv.  Syst.) :  Beitr.  z.  path.  Anat  u.  z.  allg.  Path.,  xiii. 
1893,  p.  365.     Weichselbaum :  Wien.  Med.  Wochnschr.,  1884,  p.  754. 

Tetanus. 

1 1 45.  Definition. — A  disease  common  to  most  of  the  higher  verteh'ates 
and  to  Man,  characterised  by  the  occurrence  of  spasmodic  contraction  of  the 
muscles  in  different  parts  of  the  body. 

Vital  Phenomena. — The  disease  is  generally  associated  with  a 
wound,  sometimes  nothing  of  the  kind  is  apparent.  The  wound  is 
sometimes  very  small,  and  is  often  located  on  a  peripheral  part,  such  as 
the  finger  in  Man,  the  foot  in  horses,  etc.     Where  the  wound  has  been 
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caused  accidentally,  and  where  a  foreign  body  such  as  a  splinter  of 
wood,  soil,  etc.,  has  been  retained  within  it^  the  danger  of  the  occur- 
rence of  tetanus  is  great.  The  spasms  may  affect  practically  the 
muscles  of  the  whole  body,  or  it  may  be  only  particular  groups  such 
as  those  of  the  jaw  (trismus)  or  the  back.  The  term  Opisihoionos  is 
employed  when  the  back  is  arched  backwards,  that  of  Emprodhoionos 
when  forwards. 

The  wound  may  be  in  a  putrid  state  or  not.  The  former  is  the 
commoner. 

Head  Tetanus. — A  peculiar  variety  of  the  disease  has  been  described 
by  Rose  (No.  644,  i.  2  Ab.,  p.  86)  under  the  above  name.  The 
cases  are  characterised  by  a  wound  in  the  neighbourhood  of  the 
twelfth  cranial  nerve  and  by  symptoms  which  in  a  manner  are  related  to 
those  of  hydrophobia,  such  as  spasm  of  the  muscles  of  the  pharynx. 
There  is  also  paralysis  of  the  portio  dura  on  the  side  on  which  the 
wound  is  situated.  According  to  Nicolaier  (No.  13,  cxxviiL  1892, 
p.  15)  it  is  due  to  the  same  bacillus  as  ordinary  tetanus,  and  he 
supposes  that  the  organism  elaborates  toxic  substances  which,  as  in 
the  case  of  diphtheria,  act  upon  the  facialis. 

Its  Pathology. — Since  the  days  of  antiseptic  surgery  tetanus 
from  being  one  of  the  commonest  of  diseases  has  become  a  comparative 
rarity.  The  disease  has  long  been  held  to  be  organismal  in  its  cause, 
and  to  be  contagious.  Attempts  made  by  Arloing  and  Tripier  to 
transmit  the  disease  to  animals  by  the  inoculation  of  tetanus  pus  or 
blood,  however,  proved  barren.  Nocard  was  also  unsuccessful  with 
cerebro-spinal  fluid  and  emulsion  of  the  medulla  oblongata.  Rosenbach 
succeeded  later  on  (No.  581,  1886)  in  communicating  the  disease  to 
the  guinea-pig  and  rabbit  by  employing  fragments  of  gangrenous 
tissue  from  a  tetanus  wound.  He  was  also  enabled  to  continue  the 
disease  in  other  guinea-pigs  and  rabbits  from  the  pus  generated  in  the 
pocket  of  skin  formed  where  the  fragment  of  gangrenous  tissue  had 
been  introduced. 

It  was  Nicolaier,  however  (No.  664),  who  discovered  what  we 
now  know  to  be  the  specific  agent  in  the  causation  of  the  malady. 
He  found  that  different  kinds  of  earth,  more  especially  drift  soil  in 
courtyards,  etc.,  contain  a  bacillus  which,  when  inoculated  upon 
the  guinea-pig  and  rabbit,  gives  rise  to  characteristic  tetanus.  The 
contractions  commence  in  the  limb  inoculated  and  subsequently 
extend.  Death  takes  place  in  three  or  four  days.  The  various  organs 
are  free  from  lesion.  If  some  of  the  soil  itself  is  introduced  into  a 
pocket  of  skin,  the  same  effects  follow.  Soil  which  is  sterilised  has  no 
effect.  The  bacillus,  curiously,  seems  tof  act  most  eflBciently  when  in- 
serted under  the  skin  on  a  splinter  of  wood.  The  incubation  period  is 
about  three  days. 

When  a  pure  culture  of  the  bacillus  is  employed  for  inoculation, 
pus  does  not  develop  at  the  seat  of  puncture,  and  the  bacilli  furnished 
with  spores  are  found  only  occasionally.    The  bacilli,  moreover,  are  con- 
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fined  to  the  neighbourhood  of  the  wound.  The  blood  is  sterile  even 
when  inoculated  upon  the  dura  mater  after  trepanation  or  introduced 
by  venous  injection.  Mice  inoculated  on  the  tail  a  little  distance  from 
its  root,  do  not  contract  the  disease  if  the  tail  is  amputated  one  hoiu* 
afterwards  above  the  point  of  inoculation.  After  this  time  amputation 
fails  to  ward  off  the  disease. 

The  period  of  incubation  in  the  mouse  after  inoculation  is  twenty- 
foiu"  hours,  and  death  takes  place  in  three  days.  In  the  rabbit  the 
period  of  incubation  is  about  three  days  ;  in  the  dog  two  days  ;  and  in 
the  ass  three  days.     Pigeons  do  not  contract  the  disease  readily. 

The  Bacillus.  — Kitasato  (No.  581,  1889)  first  isolated  the 
organism  and  cultivated  it  artificially  in  a  pure  state.  He  isolated 
it  from  a  tetanus  wound  in  Man.  Besides  Nicolaier's  bacillus  the  pus 
utilised  contained  fifteen  other  organisms — three  anaerobic,  five  facul- 
tative, and  seven  aerobic.  The  cultivations  of  the  bacillus  of  Nicolaier 
alone  proved  effectual  in  inducing  tetanus. 

In  obtaining  a  pure  culture  the  pus  was  sown  on  stiffened  blood-serum 
and  kept  at  a  temperature  of  36°  for  forty-eight  hours.  The  bacillus 
was  thus  enabled  to  spore  and  to  resist  the  next  part  of  the  process. 
Having  assured  himself  by  inoculation  that  the  culture  after  this  time 
contained  the  bacillus,  he  subjected  it  to  a  temperature  of  80°  for  three- 
quarters  of  an  hour,  and  again  inoculated  upon  animals.  They  died 
tetanic.  A  certain  number  of  the  contaminating  organisms  were  thus 
killed  off.  Some  of  the  culture,  so  far  purified,  was  now  spread  upon 
gelatine  and  placed  in  an  atmosphere  of  hydrogen  at  a  temperature  of 
20°  C.  The  bacillus  grows  rapidly  in  an  atmosphere  of  hydrogen,  the 
remaining  organisms  of  contamination  do  not.  Pure  cultui^es  can  thus 
be  obtained  and  transferred  to  fresh  tubes. 

Culture. — The  media  upon  which  it  grows  most  easily  are  agar, 
gelatine,  and  bouillon  if  rendered  faintly  alkaline.  A  puncture  growth 
on  gelatine  begins  to  fructify  at  a  depth  of  about  two  finger-breadths 
below  the  free  surface.  It  liquefies  gelatine  slowly  and  with  feeble 
disengagement  of  carbonic  acid  gas.  With  the  addition  of  15  to  20 
per  cent  of  glucose  its  growth  is  hastened.  The  cultures  exhale  a 
characteristic  odour. 

The  culture  colonies  at  first  are  somewhat  like  those  of  bacillus  sub- 
tilis.  They  have  a  thick  centre  and  are  siurounded  by  an  areola  of 
bristle-like  processes  extending  equally  in  all  directions.  This  appear- 
ance fails  later  on.  The  dark  centre  becomes  less  and  less  well  marked 
and  finally  vanishes ;  only  a  few  isolated  rays  are  to  be  noticed,  and 
the  colony  comes  to  look  like  that  of  a  mould. 

It  increases  rapidly  at  a  temperature  of  from  33°  to  38"*  C,  and 
develops  spores  after  thirty  hours'  incubation.  At  a  lower  temperature 
the  colonies  develop  later,  and  sporing  takes  place  only  at  the  end 
of  a  week.  At  from  14°  to  16°  C.  the  bacilli  take  the  shape  of  little 
straight  rods  isolated  or  in  long  filaments  with  a  slight  swelling  at  one 
end ;  but  at  higher  temperatures  a  round  spore  develops  at  one  end. 
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which  imparts  to  the  rod  a  drumstick-like  appearance.     So  long  as 
they  are  free  from  spores  they  are  slightly  motile ;  the  movement  is 

best  seen  at  a  temperature  of  38"*  C, 
and  disappears  as  soon  as  the  spores 
present  themselves.  They  colour  with 
the  usual  reagents.  The  spores  preserve 
their  vitality  for  three-quarters  of  an 
hour  at  80°  C,  but  five  minutes  of  a 
temperature  of  100°  C.  kills  them.  A 
50  per  cent  carbolic  acid  solution  kills 
them  only  after  fifteen  hours.  A  1  per 
cent  mercury  bichloride  solution  de- 
stroys them  in  three  hours,  or  in  thirty 
minutes  after  the  addition  of  5  per  cent 
Fio.  583.-TETANr«  bacll-s  khom  a  hy<irochloric  acid.  .       ^     ^       ^ 

Culture  on  Agar,  showing  a  Spore  It    should    be    mentioned    that   the 

AT  THE  END  OF  EACH  RoD,  AND  GIVING  formatiou  of  a  sporo  at  one  end  is  not 

^^^^^  ^^  ^^^  bacillus  of  tetanus.  A 
drumstick  organism  has  also  been  found 
by  Bienstock  in  the  intestine.  It  decomposes  fibrine,  giving  rise  to 
leucine,  tyrosine,  carbonic  acid,  water,  and  ammonia. 


RISE  i-o  A  Drumstick-like  Appear- 
ance (after  Pfeiffer ;  x  1000  Diams.) 
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Kabies  and  Hydrophobia  {lyssa,  fr.  XtWo,  canine  madness), 

1146.  Rabies  is  a  disease  occurring  mostly  in  the  canine,  less 
frequently  in  the  feline  race.  During  the  progress  of  the  malady 
a  specific  virus  is  engendered  in  the  saliva  of  the  animal  which, 
when  implanted  in  a  laceration  of  the  skin  or  an  abrasion  of  the 
cuticle,  conveys  the  disease  to  other  animals  and  to  Man.  In  the 
latter  case  the  disease  is  known  as  Hydrophobia  (vScup,  water,  and 
<t>ol3€iay  I  fear).  After  a  prolonged  incubation  period  the  disease  begins 
to  manifest  itself  by  pain  in  the  bitten  part,  excitement,  feverishness, 
inability  to  swallow  liquids,  and  great  prostration.  It  invariably 
terminates  fatally  with  a  tendency  in  the  lower  animals  to  bite 
(Williams). 

There  is  a  variety  in  the  dog  known  as  dumb-rabies  in  which, 
over  and  above  the  ordinary  symptoms,  the  jaw  drops  from  paralysis 
of  its  muscles,  and  a  similar  motor  paralysis  occurs  in  the  muscles  of 
the  palate.  It  gets  its  name  from  the  animal  being  unable  to  bark  or 
howl. 

The  stomach  of  the  animal  is  found  to  contain  quantities  of  foreign 
matters,  such  as  straw,  stones,  etc. 

The  pathology  of  this  disease  is  quite  unknown.  With  the  excep- 
tion of  a  minute  vesicle  which  occasionally  forms  on  each  side  of  the 
under  aspect  of  the  tongue  in  Man,  and  which  may  ulcerate,  there  is 
no  evidence  of  gross  anatomical  lesion.  An  accumulation  of  small 
round  cells  in  the  neighbourhood  of  the  small  blood-vessels  of  the 
central  nervous  system,  more  particularly  of  the  medulla  oblongata  and 
spinal  cord  (Croats,  No.  604,  p.  571),  has  been  noticed. 

So  far  as  we  know,  it  is  always  communicated  from  one  animal 
to  another ;  it  apparently  does  not  arise  without  some  previous  living 
source  of  contagion.  There  seems  to  be  almost  no  limit  to  the  animals 
which  may  fall  victims  to  it  when  bitten.  Thus  Man,  the  monkey, 
dog,  wolf,  fox,  cat,  rabbit,  guinea-pig,  ox,  horse,  sheep,  skunk,  and 
many  others  widely  separated  in  genealogical  history,  have  all  shown 
their  susceptibility  to  it. 

In  Man  the  incubation  period  extends  from  four  to  six  weeks.  It 
is  followed  by  the  stage  of  invasion,  which  is  succeeded  by  that  of 
excitement,  to  terminate  in  about  four  days  after  the  advent  of  the 
initial  symptoms  in  the  collapse  of  the  individual.  During  the  progress 
of  the  disease  the  most  evident  symptom  is  that  of  increased  reflex 
excitability.  So  great  is  this  that  a  draught  of  cold  air  or  the  glitter- 
ing of  a  bright  object  is  sufficient  to  throw  the  individual  into  tetanic 
convulsions.  The  pharyngeal  muscles  are  sometimes  so  firmly  contracted 
that  the  individual  is  unable  to  swallow  even  a  draught  of  water,  hence 
the  term  hydroplwhki. 

Pasteur's  preventative  treatment  of  the  disease  is  referred  to  under 
Immunity  from  Disease  (see  Sect.  1128). 
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xxxiiL  1891,  p.  153.  Fol :  Comp.  rend.  Acad.  d.  Sc.,  ci.  1885,  p.  1276.  Hime 
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1887.  Rous  (Inoculation  against) :  Wien.  med.  Presse,  xxxiL  1891,  p.  1325. 
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Anthrax  (Charbon). 

1147.  Definition. — An  extremely  fatal  specific  contagious  disease,  dw 
to  the  Bacillus  Anthracis,  and  common  to  a  large  number  of  the  mammaUa 
and  Man, 

The  disease  apparently  has  existed  from  the  remotest  times.  It 
was  undoubtedly  known  to  the  ancients,  and  in  the  seventeenth  and 
eighteenth  centuries  appears  to  have  spread  in  an  epidemic  form  over 
several  parts  of  Europe.  At  the  present  time  it  is  endemic  in  Siberia, 
France,  Hungary,  and  Italy,  and  is  becoming  more  so  in  this  country 
than  previously  was  the  case. 

The  animals  chiefly  afTected  are  the  sheep,  ox,  horse,  guinea- 
pig,  rabbit,  and  in  a  limited  measure  the  pig.  The  dog,  the  goat,  and 
the  Algerian  variety  of  sheep  seem  to  be  in  great  part  proof  against 
the  disease.  The  young  rat  can  be  inoculated,  but  the  adult  gray  and 
white  rats  are  practically  immune.  The  mouse  is  probably  more  sus- 
ceptible than  any  other  animal.  The  frog  is  also  immune  in  its  natural 
state,  but  when  its  temperature  is  raised  apparently  can  also  be  inocu- 
lated.    Birds  as  a  rule  are  naturally  insusceptible. 

Features  of  the  Disease. — It  assumes  many  outward  garbs, 
indeed  so  many  that  the  demonstration  of  the  presence  of  the  bacillus 
is  the  only  reliable  criterion  of  diagnosis.  In  the  lower  animals  there 
is  usually  an  absence  of  external  manifestation  so  far  as  actual  lesion 
is  concerned.  The  animal  may  drop  suddenly  and  die  in  a  few  hours 
without  suspicion  of  having  been  previously  ill. 

In  Man  alone  is  there  a  characteristic  external  lesion,  and  it  corre- 
sponds with  the  point  of  inoculation.  The  disease  is  conveyed  to  Man 
from  the  lower  animals,  and  generally  shows  itself  in  slaughterers,  or 
in  those  engaged  in  dressing  hides  or  the  preparation  of  wool.  The  local 
manifestation  is  known  as  malignant  pustule.  Besides  the  skin 
there  are  other  two  channels  through  which  it  may  be  communicated, 
namely,  the  respiratory  and  the  alimentary  tracts.  What  is  known  as 
Woolsorter's  Disease  has  been  shown  by  Greenfield,  Buchner,  and 
others  to  be  anthrax  communicated  by  one  or  the  other  of  these 
channels  of  invasion.  An  anthracoid  pneumonia  may  be  excited 
by  the  presence  of  the  bacillus  in  the  lung ;  or  malignant-pustule-like 
infiltrations  may  occur  upon  the  coats  of  the  intestine.  Sometimes, 
however,  the  latter  are  metastatic  in  their  origin,  and  are  to  be  regarded 
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simply  as  evidence  of  the  organism  being  widely  spread  abroad  in  the 
blood.  At  other  times  they  seem  to  be  due  to  ingestion  of  the  spores. 
The  bacilli  are  destroyed  evidently  in  the  stomach ;  they  fail  to  pass 
that  organ.  It  is  said  that  the  cause  of  their  destruction  is  the  hydro- 
chloric acid  contained  in  its  secretion.  This,  however,  would  appear 
to  be  negatived  by  Drymont's  observations,  to  the  effect  that  anthrax 
spores  retain  their  virulence  after  l3ring  in  a  1  per  cent  solution  of 
hydrochloric  acid  for  a  period  of  forty-eight  hours.  The  amount  of 
hydrochloric  acid  in  the  gastric  secretion  is  much  less  than  this.  The 
organism  may  be  found,  nevertheless,  in  the  wall  of  the  stomach. 

The  disease  of  rag-pickers  {HademhrankheU)  in  Germany  is 
sometimes  alleged  to  be  anthrax.  There  is,  however,  difference  of 
opinion  on  this  point,  some  observers  looking  upon  it  as  malignant 
oedema. 

Of  all  methods  of  artificial  communication,  that  of  inoculation 
by  introduction  of  the  virus  into  a  pocket  of  skin  seems  to  be  most 
effectual.  On  being  swallowed  the  spores  may  fail  to  occasion  the 
disease.  When  sprayed  into  the  atmosphere  and  inhaled  by  animals 
they  sometimes  take,  at  other  times  fail  to  do  so  (Buchner).  Injection 
of  the  organism  into  the  trachea  seems  to  be  a  more  ready  method  of 
communicating  it  (Muskathliith) ;  injection  into  the  circulation  or  into 
the  peritoneal  cavity  seldom  fails. 

In  Man. — When  inoculated  upon  the  skin  of  Man,  as  just  said,  it 
induces  the  formation  of  what  is  known  as  malignant  pustule.  At 
the  point  of  introduction  there  shows,  within  a  few  hours,  a  little  red 
spot  like  that  resulting  from  the  bite  of  an  insect,  followed  in  course 
of  time  by  a  minute  vesicle.  The  parts  in  the  immediate  vicinity 
may  become  infiltrated  with  inflammatory  effusion ;  they  are  red,  hard, 
and  brawny.  The  tissues  around  this  are  probably  sound,  but  some- 
times the  inflammatory  focus  of  swelling  may  be  encompassed  by  a 
rose-red  areola,  or  the  redness  may  spread  over  an  entire  limb.  The 
lymphatics  of  the  limb  may  be  red  and  inflamed.  The  affected  area 
next  becomes  gangrenous  and,  possibly,  black  coloured.  Cutting  into 
it  is  unattended  by  pain.  Crops  of  secondary  vesicles  show  them- 
selves round  the  primary  focus,  and  when  so  the  chains  of  lymphatics 
become  involved  as  above.  As  soon  as  the  epidermis  gives  way  the 
infiltrated  area  begins  to  suppurate,  pus  is  discharged,  and  the  mass 
sloughs. 

Examined  microscopically,  the  bacillus  is  foimd  to  be  most  abundant 
in  the  papillary  layer  of  the  skin.  The  epidermis  is  usually  free  from 
it,  and  it  decreases  in  frequency  in  the  deeper  layers  of  the  skin  and 
subcutaneous  areolar  tissues.  The  bacillus,  however,  is,  in  the  large 
majority  of  cases,  limited  in  its  distribution  to  the  infiltrated  area.  As  a 
rule,  it  is  absent  from  the  blood,  and  in  this  respect  the  disease  of  Man 
differs  from  that  of  the  lower  animals.  A  barrier  of  small  round  cells 
gathers  round  the  focus  of  inflammation  and,  it  is  said,  limits  the 
spread  of  the  bacillus.     When  the  organism  is  inoculated  on  the  skin 
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of  animals  such  as  the  mouse,  there  is  no  such  local  reaction.  Those 
cases  where  the  bacillus  remains  localised  usually  recover.  The  slough 
separates  and  the  part  cicatrises.  Such  a  happy  issue,  however,  is  not 
by  any  means  invariable.  In  certain  cases  the  bacillus  passes  the  pro- 
tective barrier  and  ramifies  in  the  blood.  When  this  is  the  case  the 
individual  usually  dies. 

So  circumscribed  is  the  area  containing  the  bacilli  that  local 
excision,  the  application  of  the  cautery,  or  strong  germicides  may  be 
effectual  in  eradicating  the  disease. 

On  the  advent  of  suppuration  staphylococci  and  streptococci  make 
their  appearance  in  the  part.  It  is  considered  that  they,  not  the 
anthrax  bacilli,  account  for  the  suppuration.  They  are  not  seen 
previous  to  the  time  when  the  epidermis  gives  way. 

State  of  Internal  Organs. — In  animals  the  internal  organ 
which  shows  most  evident  lesion  is  the  spleen.  It  becomes  swollen 
and  turgid,  and  huge  apoplexies  are  effused  into  its  substance.  The 
term  splenic  fever  or  splenic  apoplexy  is  sometimes  applied  to 
the  disease  in  accordance  with  this.  The  other  organs  may  not  show 
any  very  marked  departure  from  their  natural  state.  The  bacilli, 
however,  accumulate  in  them  more  than  in  the  blood  generally.  The 
capillaries  of  the  lung,  liver,  and  kidney  are  choked  with  them,  while 
they  pervade  the  splenic  pulp.     In   the  kidney,  the  vessels  of  the 

glomeruli  are  those  in  which  they  are 
most  abundant.  They  appear  to  be  sifted 
out  of  the  renal  blood  by  these  and  to 
accumulate  within  them  (Fig.  585). 

The  Bacillus. — Pollender  generally 
gets  the  credit  of  discovering  it;  he  is 
said  to  have  recognised  it  in  the  year 
1849.  But  Rayer,  Brauell,  and  Davaine 
became  familiar  with  it  all  about  the 
same  time  (see  Bibliog.).  Being  immobile, 
the  bacillus  was  mistaken  in  bygone  times 
for  something  of  a  crystalline  nature.  It 
Fio.  584.-ANTHBAX  IN  Blood  of  the  ^^  Davaiuc  who  showed  the  relationship 

Mouse,   shiiwino  thk   S<iUARE-ci'T       .     ,  •  .        i        i. 

AND    Truncated     Ends    or     the    of  the  Organism  tO  the  disease. 

Bacilli.      Several    Blood     Cor-  It    IS    a    Straight    Or    SOmewhat    irrC- 

PUHCLE8  LviNo  around  THE  Bacilli  g^^iarly  outlined  rod  measuring  from  5  to 

(^  oil  imm.  Crouch,  Oc.  4,  Haitk. ;    ^^        *',  i         i     *       ik  v.        j         Tl. 

vesuvin  Htaining).  20  fjL  loug  by  1  to  1*5  fx  broad.     The 

diameter  differs  according  to  the  medium 
it  is  grown  upon.  The  individual  bacilli  in  the  blood  are  apart  or  in 
couples.  They  are  broad  at  each  end,  truncated,  and  slightly  cupped, 
so  that  when  they  are  united  in  couples  the  cup-shaped  ends  endose 
a  lenticular  space.  The  ends  are  also  sharply  cut  off,  not  rounded 
(Fig.  584).     As  just  remarked,  they  are  also  immobile. 

These  features  serve  to  distinguish  it  from  any  other  bacillus.  It 
must  be  remembered,  however,  that  in  order  to  see  the  above  points  it 


CHAP,  xcvi  ANTHRAX  1043 

is  necessary  to  examine  the  organism  in  fresh  blood  unstained,  or 
stained  in  vesuvin  or  Bismarck  brown.  When  stained  in  gentian-violet 
or  fuchsin  and  clarified,  the  capsule  is  not  brought  out  well  and  the  ends 
appear  rounded  (Fig.  576).  It  is  the  capsule  which  imparts  the  trun- 
cated square-cut  features  to  the  ends.  The  advanced  forms  are  always 
immobile.  Those  which  are  younger  have  been  said  by  Toussaint  and 
Ewart  to  be  slightly  mobile.  The  bacillus  stains  with  basic  aniline 
dyes,  and  is  not  decolorised  by  Gram's  process,  provided  the  prepara- 
tion is  not  left  too  long  in  the  decolorising  iodine  solution. 

In  the  blood,  the  organism  always  exhibits  the  character  of  a 
bacillus,  but  when  cultivated  artificially  it  passes  through  the  other 
stages  of  its  life  history.  These  are  the  elongation  into  threads  and 
the  development  of  spores.  The  threads  consist  of  long  rods  jointed 
together.  They  interlace  in  such  a  manner  that  they  become  woven 
into  a  tangled  mass  or  felt-work  of  extreme  complexity. 

Its  Culture. — The  organism  is  aerobic,  but  not  exclusively  so. 
The  deep  part  of  a  puncture  culture  grows  luxuriantly.  It  fails  to 
grow  below  12°  C.  or  above  45""  C.  The  medium  should  have  a  neutral 
reaction  or  be  faintly  alkaline.  The  growth  is  retarded  if  the  reaction 
is  acid. 

It  flourishes  on  a  variety  of  media.  The  most  distinctive  growth 
is  seen  on  agar  or  glycerim-agar  kept  at  a  body  temperature,  and 
always  most  characteristically  when  taken  fresh  from  the  blood.  In  a 
puncture  inoculation,  the  culture  spreads  along  the  entire  course  of  the 
needle.  On  the  sin  face,  it  spreads  out  in  a  delicate  gray  film,  but 
along  the  needle  track  throws  out  numbers  of  ray-like  processes  or 
arms  into  the  surrounding  medium  (Fig.  504).  At  the  tip  of  the 
needle-line  a  stellate  bunch  of  these  is  sometimes  seen.  In  gelatine 
kept  at  an  ordinary  temperature  the  same  appearance  can  be 
recognised,  but  is  not  so  evident  as  when  the  culture  is  made  in  agar 
and  at  a  body  temperature.  The  bacillus  liquefies  the  gelatine,  nearest 
the  surface  first,  spreading  equally  downwards  afterwards. 

On  potato  the  gi'owth  assumes  the  appearance  of  a  gray  silky  film 
which  in  a  manner  is  typical.  In  bouillon  the  organism  falls  down  to 
the  bottom  of  the  vessel  in  a  cloudy  precipitate.  Oji  stiffened  blood-serum 
nothing  very  remarkable  is  noticed,  unless  the  fact  that  the  culture 
slowly  liquefies  it. 

The  colonies  on  plate  cultures  at  first  have  a  somewhat  sharp  border, 
but  gradually  begin  to  assume  a  wavy  appearance,  with  innumerable 
tortuous  branches  coming  off  from  the  margin  almost  like  the  colony 
of  a  mould. 

Sporing. — The  organism  spores  only  in  presence  of  free  oxygen ; 
it  does  not  tend  to  spore  in  the  living  body.  The  medium  most 
favourable  for  sporing  is  potato,  and  the  best  temperature  is  30"  C. 
It  will  not  spore  below  24°-26°  C.  (Koch,  18°  C).  When  cultivated 
under  proper  conditions  spores  develop  within  twenty-four  to  forty- 
eight  hours.     A  clear  speck  or  spot  appears  in  the  protoplasm  of  a 


1044 


SYSTEMATIC  BACTERIOLOGY 


PABT  n- 


thread,  usually  on  either  side  of  a  joint  (Ewart,  No.  9,  xviii.  1878, 
p.  164).  This  enlarges,  becomes  provided  with  a  double  membrane, 
and  finally  is  discharged  by  the  members  of  the  thread  giving  way. 

When  matured  the  spores  are  highly  refractile  bodies  of  oval  shape 
which  do  not  readily  stain  with  ordinary  aniline  dyes.  If  they  are 
coloured  by  them  the  stain  is  lost  by  Gram's  method.  They  can,  how- 
ever, be  coloured  differentially  by  several  methods  (see  vol.  L  p. 
134). 

They  are  very  resistant  to  most  agents  having  a  germicidal  action. 


Fio.  585.— Anthrax  Bacillus  ik  a  Glomerulus  op  Kidnet  (x800  Diaxs.) 

(a)  Vas  aflerens  clicked  with  the  bacillus  ;  (b)  intra-tubular  capillaries  tuU  of  the  organism ;  (c) 
the  glomenilus  ;  (d)  capillaries  of  same  injected  with  the  bacillus ;  (e)  Bowinau's  capsule ;  (/)  nei^* 
bouring  tube  (Gram's  Method  and  Clarified). 

Thus  they  are  killed  by  dry  heat  only  after  exposure  for  three  hours  to  a 
temperature  of  140°  C.,  while  the  bacillus  perishes  after  one  and  a  half 
hours  at  a  temperature  of  1 00°  C.  The  spores  are  killed  when  boiled 
for  a  few  minutes,  the  spore -free  organism  after  being  exposed  to  a 
moist  atmosphere  at  a  temperature  of  55°  to  60°  C.  for  the  same  time. 
The  spores  are  not  destroyed  in  putrid  substances  after  being  mixed 
with  them  for  months ;  the  bacilli,  on  the  other  hand,  are  very  readily 
destroyed  by  putrid  surroundings.  It  is  generally  held  to  be  the 
carbonic  acid  developed  in  process  of  putrefaction  which  is  the  lethal 
agent.     The  bacilli  are  very  susceptible  to  the  noxious  influence  of 
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this  gas,  the  spores  are  uninfluenced  by  it.     The  spores  are  readily 
destroyed  by  bright  sunlight. 

Life  History. — There  are  three  distinct  phases  in  its  development, 
nan^ely,  the  rod  stage^  the  spore  stage,  and  the  thread  stage.  Starting 
with  the  rod  as  found  in  the  blood,  it  is  seen  on  cultivation  to  elon- 
gate into  a  thread.  Spores  show  themselves  within  this,  which  on 
being  liberated  again  elongate 
into  rods  and  thus  complete  the 
life-history  cycle.  In  elongat- 
ing, the  spores  at  first  lose  their 
sparkling,  highly-refractile  char- 
acter, probably  by  the  absorp- 
tion of  water.  A  projection  of 
the  contents  takes  place  at  one 
side.  The  exosporium  or  outer 
capsule  gives  way  and  the  spore 
contents  protrude,  covered  by 
the  endosporium.  These  then 
elongate  into  a  rod.  The  exo- 
sporium may  remain  adherent 
for  some  time  to  the  rod. 

Sources  of  Contagion. — 
Cattle  and  sheep  usually  acquire 
the  disease  through  becoming 
infected  by  the  spores.  The 
spores  are  resident  on  herbage, 
and,  taken  into  the  alimentary 
canal,  they  gain  entrance  to  the  circulation  through  the  intestine.  It 
is  generally  supposed  that  the  organism  may  grow  as  a  saprophyte  on 
dead  vegetable  matter.  Further  evidence  of  this,  however,  would  be 
necessary  before  concluding  that  it  is  so.  More  probably  the  spores 
are  deiived  from  the  dejecta  of  infected  animals,  from  shed  blood,  or 
from  the  carcases  of  animals  which  have  died  from  the  disease.  The 
spores  develop  in  the  blood  and  tissues  readily  enough  if  exposed  after 
death.  From  these  sources  they  become  attached  to  herbage  or  buried 
in  the  soil,  and  from  time  to  time  are  consumed  by  fresh  hosts. 


Fio.  586.— Culture  of  A>*thrax,  showing  Thrkass 
coNTAnfiNo  Spores.  Many  of  the  Spores  are 
ALSO  LYING  FREE  (^  homog.  imiTi.  Crouch,  No. 
4,  Oc.  Hartk. ;  doubly  8tame<l,  the  spores  with 
fuchsiu,  the  threads  with  methylene  blue). 


Pasteur's  experiments  go  to  show  that,  even  when  the  carcases  of  animals  dead 
of  anthrax  are  buried  at  a  depth  of  7  feet,  the  grass  grown  over  the  graves  may 
prove  a  source  of  contagion  to  animals  feeding  upon  it  something  like  two  years  after- 
wards. He  supposes  that  the  earthworms  bring  the  spores  to  the  surface,  and  that 
they  are  spread  broadcast  through  their  dejecta.  He  stated,  in  confirmation  of  this, 
that  the  squirms  of  the  earthworms  found  in  the  soil  over  the  graves  contained 
anthrax  spores,  and  that  these  were  capable  of  communicating  the  disease  to  guinea- 
pigs.  The  earthworm  descends  deeply  in  warm  weather,  and  brings  up  earth  to 
the  surface  in  its  alimentary  canal.  Darwin  found  that  a  depth  of  more  than  3 
inches  of  this  worm-mould  had  accumulated  on  the  surface  in  a  space  of  fifteen 
years. 
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Flies  and  insects  generally  have  been  suggested  as  a  means  of 
communicating  the  disease,  but  there  is  no  very  direct  evidence  of  this 
being  the  case. 

The  danger  from  water  seems  to  be  very  slight,  although  the 
experiments  of  Frankland  and  Marshall-Ward  (No.  149,  liil  1893, 
p.  164  e/  seq.)  appear  to  show  that  neither  in  the  form  of  bacilli  nor  of 
spores  is  the  organism  destroyed  forthwith  when  placed  in  water. 
The  spores  may  retain  their  vitality  in  water  for  a  matter  of  months. 

It  used  to  be  supposed  that  the  placenta  acted  as  a  perfect  filter  of 
the  organism.  The  foetus  was  held  to  be  always  free  from  the  bacillus 
when  the  mother  was  infected.  Further  evidence  has  gone  far  to 
disprove  this.  It  is  said  that,  in  some  instances,  the  foetus  has  been 
found  contaminated  from  the  blood  of  the  mother. 

Literature  on  Anthrax.— BolHageT :  Centralbl.  f.  d.  med.  Wissensch.,  x.  1872,  p. 
417.  Brauell:  Arch.  f.  mth.  Anat,  xi.  1857,  p.  132;  Ibid.,  xiv.  1858,  p.  432. 
Buchner  (Cause  of  Spore  formation) :  Sitzungsb.  a.  Gesellsch.  f.  Morphol.  u.  P*hysiol. 
in  MiinclieD,  vi.  1891,  p.  87  ;  also,  Ueb.  d.  exper.  Erzeugungd.  Milzbrandeontagiunis 
aus  d.  Heupilzen,  1880  ;  also,  Arch.  f.  path.  Auat.,  xci.  1883,  p.  410.  Chauvean: 
Rev.  mens,  de  med.  et  chir.,  iii.  1879,  p.  849  ;  also  (Resistance  of  Algerian  Sheep;, 
Compt.  rend.  Acad,  de  Sc.,  xc.  1880,  pp.  1396,  1526  ;  Ibid.,  xci.  pp.  33,  148,  60.S 
648.  Davaine:  Compt.  rend.  Soc.  de  biol..  v.  1863,  p.  149;  also,  Bnll.  Acad, 
de  AM.,  XXXV.  1870,  p.  471  ;  Ibid.,  ix.  1880,  p.  757.  Ewart:  Quart.  Journ.  Mic. 
Sc.,  xviii.  1878,  p.  161.  Greenfield:  Proc.  Roy.  Soc.  Lond.,  xxx.  1880,  p.  557; 
Brit.  Med.  Journ.,  1881,  i.  p.  3  e^  seq.  Klein:  Rep.  Med.  Off.  Healtli  to  Local 
Gov.  Board,  1881  ;  also,  Practitioner,  1884.  Koch:  Mitth.  a.  d.  k.  Gesundheit- 
samt,  i.  1881,  p.  49.  Kostjurin  (Cure  by  Products  of  Putrefaction) :  Centralbl  f. 
Bakteriol.  u.  Parasiteukrank.,  x.  1891,  pp.  553,  599.  Momont  (Action  of  Desicca- 
tion, Air,  and  Light  on) :  Ann.  de  I'lnst.  Pasteur,  vi.  1892,  p.  21.  Phisalix  (Influence 
of  Heat  on  Sporing) :  Arch,  de  physiol.  norm,  et  path.,  v.  1893,  pp.  217.  257. 
Pollender:  \rtljschr.  f.  gerichtl.  u.  off.  Med.,  viii.  1855,  p.  103.  Rayer:  Mem. 
de  la  Soc.  de  Biol.,  ii.  1850,  p.  141.  Toussaint :  Compt  rend.  Acad.  d.  sc.,  Ixxiv. 
1877,  p.  415  ;  Ibid.,  p.  1076  ;  Ibid.,  Ixxxvi.  1878,  p.  725  ;  Ibid.,  xci.  1880,  p.  185  ; 
Vet  J.  and  Ann.  Com  p.  Path.,  xi.  1880,  p.  149.  Ward  (Action  of  Light  on) :  Proc, 
Roy.  Soc,  Iii.  1892-93,  p.  393  ;  also.  Ibid.,  liii.  1893,  p.  23.  Wejrl  (Immunity) : 
Ztschr.  f.  Hyg.,  xi.  1891-92,  p.  381.  Wissokowicz :  Fortschr.  d.  Med.,  x.  1892, 
pp.  411,  451.     See  also  Literature  under  **  Attenuation  of  Virus,"  Chap.  IX. 


Symptomatic  Anthrax. 

1 1 48.  This  is  a  disease  of  cattle  which  for  long  was  confounded 
with  true  anthrax.  Both  are  bacillary  diseases,  but  the  bacillus  of  the 
one  has  no  connection  with  that  of  the  other.  The  bacillus  in  the 
case  of  this  disease  is  known  as  the  B.  Chauvaei.  It  is  smaller  than 
that  of  true  anthrax. 

The  disease,  unlike  true  anthrax  of  the  bovine  race,  is  characterised 
by  a  local  lesion  at  the  point  of  inoculation.  This  is  usually  situated 
on  a  hind  quarter,  and  consists  in  a  huge  carbuncle-like  swelling,  h 
course  of  time  the  infiltrated  part  becomes  gangrenous  and  sloughs 
very  much  as  true  anthrax  carbuncle  does  in  Man.  During  the  time 
that  the  gangrene  is  developing  much  gas  is  evolved,  so  that  the 
slough  becomes   emphysematous  and  crackles  when   touched.     The 
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swelling,  at  first  painful,  becomes  absolutely  painless  in  the  gangrenous 
stage.  The  animal  exhibits  signs  of  fever,  muscular  rigidity,  trembling, 
etc.,  followed  by  collapse  and  death.  Curiously,  true  anthrax  and 
symptomatic  anthrax  may  affect  members  of  the  same  herd  of  cattle 
simultaneously,  a  coincidence  which  probably  had  much  to  do  with 
their  supposed  identity. 

The  disease  has  been  studied  by  Arloing  and  by  Cornevin  and 
Thomas,  and  they  conclude  that,  in  its  pathology,  it  resembles  a 
septicaemia  more  than  anthrax  does.  The  spleen  and  liver  are  found 
to  be  almost  normal  and  the  blood  is  little  changed. 

The  organism  takes  the  form  of  straight  rods  1*5  to  5  or  6  /x 
long  by  '5  to  1  ft  broad.  It  occurs  isolated  or  in  couples.  It  is  very 
mobile,  a  feature  which  at  once  serves  to  distinguish  it  from  true 
anthrax.  It  is  also  a  true  anaerobe.  Many  of  the  rods  enclose  spores, 
so  that  the  rods  come  to  have  a  swollen,  irregular,  or  fusiform  appear- 
ance. It  grows  readily  on  veal  bouillon  and  on  glycerine-agar  (g^lose). 
During  the  time  of  growth  it  evolves  much  gas,  and  the  culture  has 
a  penetrating  acid  odoiu*.  It  liquefies  gelatine.  The  vindence  con- 
tinues to  the  third  generation ;  after  this  time  the  organism  becomes 
quite  innocuous.  The  virulence  returns,  however,  if  a  little  lactic  acid 
be  added.  It  is  alleged  that  the  lactic  acid  acts  by  being  negatively 
chimiotaxic,  and  so  preventing  the  approach  of  phagocytes. 

The  organism  is  found,  as  a  rule,  in  the  carbuncle  and  its  neigh- 
bourhood alone,  and  not  in  the  blood.  In  some  instances,  however,  it 
may  appear  in  the  blood  in  small  quantity  after  death. 


Kelapsing  Fever. 

The  disease  is  characterised  by  the  rapid  onset  of  feverish 
symptoms,  great  sweating,  pains  in  the  joints,  etc.,  ending  in  a  crisis 
on  the  fifth  to  the  seventh  day.  The  individual  remains  well  up  till 
the  twelfth  or  seventeenth  day,  usually  the  fourteenth,  when  a  relapse 
occurs.     Several  relapses  may  follow  the  first. 

As  discovered  by  Obermeier  (No.  50,  1873,  p.  145),  the  disease  is 
accompanied  by,  and,  as  later  researches  have  shown  (Weigert,  Lebert, 
Heydenreich,  Carter,  etc.),  is  due  to  the  presence  of  a  spirillum  in  the 
blood,  the  Spirochaeta  Obermeieri.  The  said  organism  is  a  long  con- 
tinuous thread-like  body,  showing  many  curves  and  lying  singly  or 
associated  in  clusters  (Fig.  587).  The  clusters  sometimes  include 
coloured  and  colourless  corpuscles,  and  thus  constitute  an  embolus- 
like  mass.  In  length  it  is  from  one  and  a  half  to  six  times  that  of 
the  long  measurement  of  a  blood-disc,  and  has  progressive  screw-like 
movements.  These  movements  may  continue  for  one  to  eight  hours 
after  removal  from  the  body. 

It  stains  readily  with  basic  aniline  dyes,  but  parts  with  its  colour 
by  Gram's  process.     It  has  not  as  yet  been  cultivated  artificially. 
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Obermeier  failed  to  communicate  the  disease  to  animals,  but  Carter 
and  others  have  succeeded  in  conferring  it  by  inoculation  on  the 
monkey.     It  is  said  that  this  is  the  only  animal  which  is  susceptible. 

Spirochssta  denticola  is  found  abundantly  in  the  mouth  and  nose  of 
healthy  individuals.     It  is  quite  innocuous. 


^^ 


Fig.  587.— Spiroch;eta  Obbrmeieri  inoculated  on  Moitkey  after  Removal  of  the 
Spleen  (after  SoudakewitchX 


Sarcin^e  (sarcina,  a  package). 

1149.  Sarcinse  occur  in  many  different  situations,  and  arc 
abundant  in  air  and  water,  and  in  dust  of  all  kinds.  Sarcina  lutea 
is  very  common  as  an  atmospheric  impurity.  Their  artificial  cultures 
are  usually  brilliantly  coloured. 

The  Sarcina  ventriculi  discovered  by  Goodsir  (No.  19,  Ivii.  1842, 
p.  430 ;  also,  Anat.  Mem.,  1888,  ii.  p.  351)  is  the  one  perhaps  of  most 
pathological  importance,  from  the  fact  that  it  so  often  grows  on  the 
contents  of  the  stomach  where  there  is  any  obstruction  at  the  pylorus, 
where  the  contents  have  difficulty  in  moving  onwards,  and  where 
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consequently  the  organ  becomes  dilated.     It  confers  a  somewhat  rust- 
brown  colour  upon  the  contents. 

The  parasite  is  composed  of  round  coccus-like  bodies  held  together 
in  groups  of  four  or  multiples  of  four  by 
a  little  intermediate   cement   substance. 
Each  member  divides  in  three  directions. 
The   colonies  have  a  package-  or  wool- 
pack-like  appearance,  hence  the  designa-  -. 
tion  sarcina.     The  cocci  are  about  2*5  /x            mt 
in  diameter.     The  organism  grows  with  * 
some   difficulty    on   neutral  media.     On       f,o.  688.-Sarc,na  vektricuu 
gelatine,  by  thu-ty-six  hours,  it  has  deve- 
loped little  round  colonies  of  a  yellow  colour,  whose  growth,  for  some 
unknown  reason,  soon  becomes  arrested.     It  does  not  liquefy  gelatine. 

Micrococcus  Tetragenus. 

1 1 50.  This  is  a  minute  organism  of  the  sarcinous  type  discovered 
by  Graffky  (No.  92,  xxviii.  1882,  p.  500)  in  phthisical  sputum.  It  is 
especially  abundant  in  that  from  phthisical  cavities.  It  is  also  found 
in  abscesses.  It  is  round  and  the  members  are  associated  in  tetrads. 
Each  member  is  about  1  /x  in  diameter.  The  method  of  cleavage  is 
like  that  of  sarcinae,  but  takes  place  only  in  two  directions.  The 
tetrads  are  often  enveloped  in  a  gelatinous  membrane. 

It  grows  on  all  media  and  is  aerobic.  The  colonies  have  a 
brilliant  white  porcellanous  aspect  and  do  not  liquefy  gelatine. 

White  mice  are  very  susceptible  to  it.  They  die  rapidly  after 
inoculation  and  the  blood  is  found  to  contain  the  organism.  Some 
animals  are  refractory. 

Gelatine  puncture  inoculations  give  rise  to  disc-like  colonies  super- 
imposed the  one  over  the  other,  and  ending  above  in  a  milk-white  or 
faint  yellow  button-shaped  protuberance. 

General  Literature  on  Bacteriology  (Text-Books,  etc.) 

Abbott:  The  Principles  of  Bacteriology,  1892.  Albrecht  (Development  of 
Spirochieta  Obermeieri) :  Deut.  Arch.  f.  klin.  Med.,  xxix.  1881,  p.  77.  Arloingf 
(Relationship  of  Bac.  Coli  Comm.  and  Bac.  of  Eberth) :  Tr.  VII.  Intemat.  Conff. 
Hyg.  and  Demog.,  1892,  ii.  p.  272.  Ball:  Essentials  of  Bacteriology,  1893.  de 
Baqr:  Lectures  on  Bacteria  {Eng,  TraiisL),  1887  ;  also^  Comp.  Morph.  and  Biol, 
of  the  Fungi,  etc.,  Eng.  Transl.y  1887.  Baumearten :  Lehrbuch  d.  path.  Myko- 
logie,  1886.  Berthelot  (Micro-Organisms  which  fix  Azote) :  Compt.  rend.  Acad, 
d.  sc,  cxvi.  1893,  p.  842.  Billroth:  Coccobacteria  septica,  1874.  Brefeld : 
Botanische  Untersucnungen  lib.  Schimmelpilze,  1872-83.  Buchner  (Influence  of 
Light  on  Bacteria) :  Arch.  f.  Hyg.,  xvii.  1893,  p.  179.  Canestrini :  Batteroiologia, 
1890.  Chantmesse  and  Widal  (Differentiation  between  Bac.  Comm.  Coli  and 
Typhoid):  Ann.  d'hyg.,  xxvii.  1892,  p.  97.  Cohn :  Beitriige  z.  Biologic  d. 
Pflanzen.  Comil  and  Babes:  Les  Bncteries,  etc.,  1890.  Crookshank:  Manual 
of  Bacteriology,  1890.  Dallinger:  Res.  into  Ori^n  and  Development  of  Minute 
and  Lowly  Life  Forms,  1877.    Dangeard  (Histological  Structure  of  Yeasts) :  Compt 
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rend.  Acad.  d.  sc.,  cxvii.  1893,  p.  68.  Discussion  on  Relations  of  Mtnnte 
Organisms  to  certain  Specific  Diseases:  Tr.  Intern.  M.  Ck>ng.,  1881,  L  p.  323. 
Eisenberg  :  Bakteriologische  Diagnostik.,  1886  ;  aiso^Eng,  TransL^  1892.  Eos^el- 
mann  (Biology  of  Schizomycetes) :  Arch.  f.  d.  gea.  Physiol.,  xxvi.  1S8I,  p.  537. 
Ernst  (Gas-forming  Anaerobe  in  Human  Body  and  Relation  to  **Schaiimleber"): 
Arch.  f.  path.  Anat,  cxxxiii.  1893,  p.  308.  Fol :  Les  Microbes,  1885.  Foth 
(Staining  of  Spore.s) :  Centralbl.  f.  Bakteriol.  n.  Parasitenkrank. ,  xi.  1892,  p.  272. 
Fraenkel :  Grundrissd.  Bakterienkunde,  1887  ;  also,  Eng.  Transl.j  1S91.  Fraeokd 
and  Pfei£fer:  Atlas  der  Bakterienkunde,  1889.  Frankland  (G.  C.)  and  Frank- 
land  (P.  F.)  (Organisms  of  Water  and  Soil) :  Ztschr.  f.  Hygiene,  vi.  1889,  p.  373. 
Gessard  (Fluorescence  in  Microbes) :  Ann.  de  I'lnst.  Pasteur,  vi.  1892,  p.  801. 
Giinther :  Einfiihrung  in  das  Studium  d.  Bakteriologie,  1891.  Haer6n  (Power  of 
Soil  in  destroying  iSictcria) :  Helsovannen,  Stockholm,  vi.  1891,  pp.  83,  98. 
Hallier:  Die  Pflanzlichen  Parasiten,  1866.  Hoist:  Uebersieht  iiber  die  Bakteri- 
ologie {Ger.  Transl.  from  the  Norwegian),  1891.  Hueppe :  Die  Formen  d.  Bak- 
tenen,  etc.,  1886;  also,  Die  Methoden  der  Bakterien-Forschung,  1889.  Klein: 
Micro-organisms  and  Disease,  1886.  Koch  (Examination  of  Micro- Organisms): 
Mitth.  a.  d.  k.  Gesundheitsamte,  i.  1881,  p.  1  ;  also,  Ueb.  d.  bakteriol.  Forschung, 
1890;  alsoy  Eng.  TrajisL  Kdhler:  Der  Heupilz.,  1881.  Kiihne  :  Practical  Guidr 
to  the  Demonstration  of  Bacteria  in  Animal  Tissues  {Eng.  Transl.),  1890.  Laurent 
(Reduction  of  Nitrates  in  Veget.  Kingdom) :  Ann.  de  I'lnst.  Pasteur,  iv.  1890,  p.  722. 
Lichtheim  (Pathogenic  Micro-Organisms) :  Berl.  klin.  Wochnschr.,  xix.  18^2,  pp. 
129,  147.  Lindt  (Some  New  Pathogenic  Organisms) :  Arch,  f  exper.  Path.  u. 
Pharmakol.,  xxi.  1886,  d.  269.  Lister:  Trans.  Path.  Soc.  Lond.,  xxix.  1878,  |. 
425  ;  also  (Relation  of  Micro-Organisms  to  Disease),  Quart  J.  Mic.  Sc.,  xxi.  1881, 
p.  330.  Loeffler :  Vorlesungen  ub.  d.  geschichtliche  Entwickelung  d.  Lehre  t.  d 
bakterien,  1887  ;  also  (Staining  of  Cilia),  Centralbl.  f.  Bakteriol.  u.  Parasitenk.,  vii. 
1890,  p.  625.  Lutz  (Relationship  between  Rods  and  Cocci) :  Fortschr.  d.  Med.,  iv. 
1886,  p.  327.  Mac6:  Traits  pratique  de  bacteriologie,  1892.  Marey  (Movements 
of  Microscopic  Ormnisms) :  Compt.  rend.  Acad.  d.  sc,  cxiv.  1892,  p.  989.  Mignla: 
Bacteriologisches  Practicum,  1892.  Moore  (Staining  of  Cilia) :  Proc.  Am.  Soc.  Micr., 
xiiL  1892,  p.  85.  N&reli :  Die  niederen  Pilze  in  ihren  Beziehungen  z.  d.  Infectious- 
krankheiten,  1877.  Nicolle  and  Morax  (Coloration  of  Cilia):  Ann.  de  Tlnst 
Pasteur,  vii.  1893,  p.  654.  Ogata  (Cultures  with  different  Gases) :  Centralbl  f. 
Bakteriol.  u.  Parasiteukrank. ,  xi.  1892,  p.  621  ;  also  (Pure  Culture  of  Certain  Pro- 
tozoa), Centralbl.  f  Bakteriol.  u.  Parasitenkrank.,  xiv.  1893,  p.  165.  Petri  ind 
Maassen  (Apparatus  for  cultivating  Anaerobes) :  Arb.  a.  d.  k.  Gesundheitsamte, 
viii.  1892,  p.  318  ;  also  (Generation  of  Sulphuretted  Hydrogen  by  Aerobes  and  of 
Merkaptan  by  the  Same),  Ibid.,  viii.  1893,  p.  490.  P6re  (Bacterium  Coli  Commune 
and  Typhoid  Bacillus) :  Ann.  de  Plnst.  Pasteur,  vi.  1892,  p.  612.  Recent  Essays 
on  Bacteria,  etc. :  N.  Syd.  Soc.,  1886,  edited  by  Cheyne.  Sanderson  (Ooonian 
Lectures  on  Infection):  Brit.  Med.  Journ.,  1891,  ii.  p.  983.  Schenk:  Grundriss 
der  Bakteriologie,  1893  ;  also,  Eng.  Trans?.,  1893.  Schliiter  (Growths  on  Acid 
Bases):  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank.,  xi.  1892,  p.  589.  van  Scnns 
(Culture  of  Anaerobes) :  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank.,  xiL  1892,  p  144. 
Sherrington  (Escape  of  Bacteria  with  the  Secretions) :  Journ.  Path,  and  BacterioL, 
L  1892-93,  p.  258.  Sternberg :  A  Manual  of  Bacteriology,  1892.  Strans  (Colora- 
tion of  Cilia):  Compt.  rend.  Soc.  de  biol.,  iv.  1892,  p.  542.  Strieker:  Allgera. 
Path.  d.  Infectionskrankheiten,  1886.  Trambusti  (Apparatus  for  cultivating 
Anaerobes) :  Centralbl.  f.  Bakteriol.  u.  Parasitenkrank.,  xi.  1892,  p.  623.  Tram- 
busti and  Galeotti  (Structure  of  Bacteria) :  Centralbl.  f.  Bakteriol.  u.  Parasiten- 
krank., xi.  1892,  p.  717.  Trenkmann  (Staining  of  Cilia) :  Centralbl  f.  Bakteriol 
u.  Parasitenk.,  vhi.  1890,  p.  385.  Weichselbaum  (.Etiology  and  Path.  Anat  of 
Infectious  Diseases):  Wien.  med.  Bl.,  viii.  1885,  ^.  5  et  seq.  Welch  (Bac  Com- 
munis Coli):  Med.  News,  Phila.,  lix.  1891,  p.  669.  Woodhead :  Bacteria  and 
their  Products,  1891.    Woodhead  and  Hare  :  Pathological  Mycology,  1885. 


CHAPTER   XCVII 

B.  THE  ANIMAL  PARASITES  OF  MAN 

1151.  These  belong  chiefly  to  the  sub-kingdoms  Protozoa,  Annu- 
loida  (Vermes),  and  Arthropoda. 

Protozoa. 

They  are  found  in  various  situations,  more  especially  in  passages 
secreting  mucus  and  opening  externally,  such  as  the  mouth,  nares, 
bronchi,  vagina,  intestine,  bile-ducts,  etc.  Some  of  them  inhabit  the 
blood. 


Fio.  r>89.— Ami*:ba  Coli. 


The  simplest  form  belongs  to  the  Rhizopoda  and  genus  Amoeba. 
The  only  amoeba  which  has  been  observed  to  be  parasitical  on  Man  is 
A.  coli.     It  has  been  referred  to  already  (p.  541)  as  occurring  in  the 
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large   intestine  and   dejecta  of  dysentery.      Amceba  is  a  common 
parasite  of  insects. 

The  class  of  Sporozoaria  was  foiinded  by  Leuckart,  and  com- 
prises unicellular  organisms  which  are  usually  regarded  as  belonging 
to  the  animal  kingdom — as  indeed  a  branch  of  the  protozoa.  According 
to  Balbiani  (No.  520,  rep.  by  Wickham),  it  comprises  (1)  the  gregari- 
nid© ;  (2)  the  oviform  psorospermia  or  coccidia ;  (3)  the  sarcosporidm  or 
tubes  of  Miescher ;  (4)  the  psorospermia  of  fish  or  myxosporidia ;  and 
(5)  the  psorospermia  of  the  articulata  or  roicrosporidia.  They  all 
exist  parasitically  on  animals. 

The  term  psorosperm  is  usually  applied  to  a  coccidium  which 
has  become  encapsuled.  In  Man  the  liver  and  other  organs  are  rarely 
the  seat  of  them.     In  the  intestine  of  the  rabbit  coccidium  oviforme 

is  a  common  parasite.  It  finds  its 
way  into  the  bile-ducts  and  causes 
cystic  dilatation  of  these  with  the 
formation  of  papilla-like  ingrowths 
from  the  interior  (Fig.  591).  These 
psorosperms  give  rise  to  yellowish- 
coloured  cheesy  tumour  bodies  about 
the  size  of  a  millet  seed  and  some- 
what like  tubercles  in  general  appear- 
ance. Numerous  coccidia  are  found 
in  their  interior.  In  the  rabbit  they 
form  large  cheesy  masses.  Coccidia 
have  a  remarkable  power  of  retaining 
basic  aniline  dyes  in  the  presence  of 
decolorising  reagents.  They  almost 
resemble  tubercle  bacilli  in  this  re- 
spect. According  to  Del^pine  (No.  6, 
1889,  ii.  p.  1393)  the  parasite  creeps  along  the  bile  channels.  Next 
within  it  there  develop  numbers  of  very  large  highly-refractile  bodies, 
which  rupture  the  enveloping  capsule  and  penetrate  into  the  interior 
of  the  epithelial  cells  of  the  bile-ducts.  These  embryo  bodies  then  go 
on  enlarging,  and  their  protoplasm  becomes  nucleated  and  nucleolated. 
They  escape  subsequently  from  the  cell  which  acts  as  their  host 
From  some  of  them  a  long  filament  is  produced,  probably  the  pseudo- 
filaria  of  van  Beneden. 

Miescher's  cylinders  or  Rainey's  capsules  are  cylindrical  or 
tube-like  structures  found  in  the  heart  and  the  other  muscles  of  the 
pig.  They  consist  of  a  capsule  containing  innumerable  oval  or 
reniform  bodies  not  unlike  the  embryo  coccidia  just  described. 

Cancer  Bodies. — In  referring  to  Paget's  disease  of  the 
nipple  (p.  803)  mention  was  made  of  bodies  which  are  found  in  the 
interior  of  the  epithelial  cells  of  the  excoriated  skin,  and  which  are 
generally  believed  to  belong  to  this  class  of  animal  parasites.  They 
are  found  in  most  cancerous  tumours,  and  apparently  always  reside 


Fio.  590.— Coccidia  toom  Human  Livkr 
(after  I^uckart). 

A  X  380  Diams. ;  B  and  C  x  1000  Diams. 
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within  epithelial  cells.  For  the  most  part  they  inhabit  the  protoplasm 
of  the  cell,  but  are  also  to  be  found  in  the  nucleus.  They  are  dis- 
tinguished from  the  sporozoaria  of  other  groups  hy  absence  of  move- 
ment at  any  period  of  their  development,  by  their  intra-cellular  habitat, 
by  their  solitary  encystment  not  preceded  by  conjugation,  and  by  the 
number  of  spores  which  form  in  the  cyst  being  relatively  restrained 
(Wickham,  No.  662,  p.  151). 

The  objects  in  question  in  their  youngest  form  appear  as  round  or 


Fio.  501.— Dilated  and  Transformed  Bile  Duct  comtainino  Coccidia,  from  Liver 
OF  Rabbit  (xSOO  Diams.) 

(a)  The  coccidia ;  (b)  altered  wall  of  original  bile  duct ;  (c)  adenoiiia-like  ingrowths  from  original 
wall  (Picro-carmine  and  Clarified). 


rounded  bodies  which  are  refractile,  and  which  stain  well  with  various 
reagents  such  as  Biondi's  fluid. ^     Later  on,  they  develop  a  double- 

^  The  Ehrlich-Biondi  or  Ehrlich-Biondi-Heidenhaiu  Fluid  (No.  169,  xlii.  1888,  p. 
1  ;  No.  48,  V.  1888,  p.  520)  is  somewhat  troublesome  to  prepare.  Tlie  receipt  is  as 
follows  :  To  100  c.c.  saturated  aqueous  solution  of  Orange  add  with  continuous  agitation 
20  c.c  saturated  aqueous  solution  of  Acid  Fuchsin  and  50  c.c.  of  a  like  solution  of 
Methyl-green.     Dilute  the  mixture  with  60  to  100  vols,  of  water. 

The  dilute  solution  ought  to  redden  if  acetic  acid  be  added  to  it  ;  and  if  a  drop  be 
placed  on  blotting-paper  it  should  form  a  spot  bluish-green  in  the  centre,  orange  at  the 
periphery.  If  the  orange  zone  is  surrounded  by  a  broader  red  zone  the  mixture  contains 
too  much  Fuchsin. 

The  sections  should  be  stained  for  six  to  twenty-four  hours.  They  are  afterwards 
washed  out  with  alcohol,  cleared  with  xylol,  and  mounted  in  xylol  balsam. 

According  to  Ueideuhain's  most  recently  published  instructions  (No.  48,  ix.  1892,  p. 
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contoured  capsule  with  clear  contents  and  a  nucleus.  The  nucleus 
does  not  stain  well  with  ordinary  nuclear  dyes,  but  stains  sometimes 
in  a  differential  manner  with  compound  aniline  dyes  such  as  Biondi's 
fluid.  A  peculiar  radiate  arrangement  of  the  protoplasm  or  contents 
of  the  body  is  sometimes  noticed  around  the  nucleus  (Fig.  592,  2). 
With  an  aniline  dye  mixture  such  as  that  above  mentioned,  the  con- 
tents sometimes  stain  of  a  different  colour  from  the  nucleus. 

These  bodies  have  never  been  cultivated  artificially,  nor  have  they 
been  inoculated,  and  it  may  be  added  that  considerable  doubt  is  ex- 


Fio.  592.— Cancer  Bodies  (after  Rnfler  and  Walker). 

(1)  Cell  from  cancer  of  stomach  containing  a  large  parasite  and  two  small  vacuoles.   The  nncleu* 
of  the  cell  is  pushed  to  one  side  (Zeiss  Oc.  3,  Obj.  -^  ;  1200  Diams.) 

(2)  Cell  from  same,  showing  a  ixarasite  with  well-marked  rays  extending  to  the  periphery'.    "^ 
nucletis  of  the  cell  has  disa])i)earetl  (Beck  Oc.  3,  Obj.  |\). 

(3)  Same,  showing  a  parasite  and  three  small  vacuoles.     The  nucleus  of  the  parasite  i«  *"^ 
small  (Zeiss  Oc.  3,  Obj.  Vi ;  lliOO  Diams.) 

(4)  Same,  containing  four  parasites  (do.) 


pressed  by  some  investigators  as  to  their  being  parasites  at  all.  I^ 
has  been  alleged  that  they  are  merely  degenerated  nuclei.  It  cannot 
be  said  as  yet  that  they  have  anything  to  do  with  the  production  of 
cancerous  tumours.  It  is  asserted  that  they  have  been  detected  m 
the  epithelium  of  the  skin  after  the  application  of  a  blister. 


202),  the  Orange  to  be  used  should  be  ' 
the  Methyl-green  "Methyl-green  00, 
Auiliufabrication,  Berlin. 


'Orange  G,"  the  Acid  Fuchsin  **  Rubin  S,"»n<l 
•  all  to  be  obtained  from  the  Actienfabrik  ^^ 


CHAP,  xcvii  PROTOZOA  1055 

Russell's  Fuchsin  Bodies. — These  are  peculiar  round  homo- 
geneous and  refractile  structures  described  by  Kussell  (No.  6,  1890,  ii. 
p.  1356)  as  being  present  in  cancerous  tumours,  sarcomata,  etc.,  particu- 
larly in  cancer  tumours.  They  vary  in  size  from  about  that  of  a  coloured 
blood-corpuscle  up  to  six,  eight,  or  more  times  as  large. 
One  peculiarity  about   them  is  their   aflBnity  for  - 

fuchsin.  If  a  section  containing  them  be  stained 
with  fuchsin  and  subsequently  treated  with  iodine 
green,  the  fuchsin  colour  is  washed  out  from  all 
parts  of  the  section  unless  the  bodies  in  question. 

They  were  supposed  to  be  of  the  nature  of  pro- 
tozoa and  to  stand  in  a  causal  relationship  to  the 
cancer  tumours  in  which  they  are  so  often  found. 
Neither  of  these  allegations  has  ever  been  estab-  fio.  593.-Balaktidium 
lished.  They  are  found  abundantly  in  myomata  or  paramjccium  Coli 
and  other  pathological  new  growths.  SI^m?)'''"''''" '  """^ 

Paramaecium.  —  This    occasionally    becomes 
parasitical  on  Man.     One  variety,  P.  or  Balantidium  coli,  is  found  in 
the  intestine  and  dejecta.     Its  presence  was  detected  originally  by 
Malmsten.     Symptoms  of  tenesmus  and  passage  of  blood  by  the  bowel 
are  associated  with  it  (Stieda,  No.  13,  xxxvi.  1866,  p.  285). 

Cercomonas  Intestinalis. — The  })arasite  has  a  pear-shaped  body 
from  8-10  /A  long,  obtusely  rounded  at  the 
one  end,  and  tapering  to  a  fine  extremity  at 
the  other.  To  the  broad  end  a  long  whip- 
"^  "  '"^<.l->'  ^  lilte  cilium  is  attached.  Within  the  body  a 
nucleus  may  sometimes  be  detected.  The 
parasite  occurs  in  the  dejecta  in  various 
Fio.sm.-TBicHOMoxAsVACiiNALis  discascs.      A    Cercomonas  urinalis   is   also 

(after  K<»lliker;  x  500  Diams.)         ■,  -i.     i   •      xi. 

described  in  the  urine. 
Trichomonas  Vaginalis. — This  has  a  close  resemblance  to  the 
foregoing,  but  is  provided  \^ith  from  one  to  three  long  cilia  which  are 
usually  in  active  motion.     The  habitat  is  in  mucous  or  muco-purulent 
discharges  from  the  vagina. 


The  Parasites  of  Malarui, 

1152.  There  has  perhaps  been  no  more  brilliant  discovery  in  the 
domain  of  pathology  within  recent  times  than  that  by  Laveran  (1880) 
of  the  parasites,  apparently  of  the  nature  of  protozoa,  within  the  blood 
of  those  suffering  from  malarious  fever. 

From  its  very  nature  ague  fever  has  long  been  supposed  to  be  of 
parasitical  origin,  and  some  years  ago  Klebs  and  Tommasi  Crudeli  (see 
Bibliog.)  isolated  from  the  marshy  soil  round  about  Rome  a  rod  from 
2  to  7  /^t  long,  sometimes  elongating  into  threads,  and  which,  from  the 
fact  that  it  determines  a  febrile  state  in  rabbits,  they  supposed  to  be 
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the  parasite  they  were  in  search  of.  In  view,  however,  of  the  more 
recent  and  apparently  more  reliable  discovery  of  Laveran,  this 
vegetable  parasite  is  no  more  regarded  as  the  active  agent  in  malaria. 

The  Plasmodia,  as  the  parasites  are  called,  belong  neither  to  the 
bacteria  nor  the  fungi  proper,  but  are  evidently  a  group  of  the  lowest 
animal  forms,  namely  the  protozoa. 

The   parasite,  according  to   Laveran  (No.  624,  p.   14),  presents 


FiQ.  505.— H^enATozoA  iK  Fresh  Malarious  Blood  (after  Laveran ;  x  500  Diams.) 
(a)  Group  of  three  blood-corpuscles  with  spherical  htpmatozoa  adherent  to  them  ;  (6)  ■inall  fkee 
spherical  bodies  ;  (c)  spherical  body  of  medium  size  adherent  to  a  blood-corpuscle ;  (rf)  fi-ee  spherical 
body  arrived  at  stage  of  complete  development ;  (0  spherical  body  >vith  two  flagella ;  (/)  fhje 
flagellum ;  (^,  g)  crescentic  bodies ;  {h)  leucocyte  containing  raelanine ;  (t)  uonnal  leucocyte. 

itself  under  the  four  following  types:  (1)  spherical  bodies;  (2) 
flagella ;  (3)  crescentic  bodies ;  and  (4)  segmented  bodies  or  bodies 
arranged  en  rosace. 

1.  The  Spherical  Bodies. — These  are  the  commonest  form. 
They  are  composed  of  a  hyaline  substance  and  are  of  various  dimen- 
sions, the  smallest  having  a  diameter  of  at  least  1  ft,  the  largest  a 
diameter  equal  to,  or  even  greater  than,  that  of  a  coloured  corpuscle. 
The  diameter  of  some  of  them  is  even  double  that  of  a  coloured  cor- 
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puscle.  The  smallest  (Fig.  596,  1  to  4)  are  devoid  of,  or  present  only 
a  few  grains  of  pigment,  and  are  adherent  to,  not  embedded  in,  the 
substance  of  the  coloured  corpuscles  of  the  blood,  but  as  they  increase 
in  bulk  the  grains  of  pigment  become  augmented  in  number  and 
arrange  themselves  often  in  the  form  of  a  corona  (Fig.  596,  10)  towards 
the  margin  of  the  parasite.     In  other  instances  they  are  aggregated 
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Pio.  696.— Plasmodia  from  Blood  of  Malarious  Fever  (after  Laveran). 

(1-4)  Coloured  blood -corpuscles  with  small  spherical  Plasmodia  devoid  of  pigment  adherent  to 
them ;  (5-8)  same  with  spherical  Plasmodia  containing  pigment  particles ;  (9)  a  corpuscle  almost 
destroyed  by  the  contained  parasite  ;  (10)  large  parasite,  with  pigment  particles  arranged  in  a  ring 
at  the  periphery,  enclosed  in  a  blood -corpuscle  ;  (11)  a  parasite  showing  radial  segmentation  ;  (12) 
the  segments  set  free  as  spherical  boflies  ;  (13,  14)  free  spherical  Plasmodia  with  flngella  ;  (15)  tree 
crescentlc  bo<ly  ;  (10)  oval-shaped  body  derived  ftt)m  one  which  is  crescentic 

irregularly  in  the  body  (Fig.  596,  5  to  8).  The  pigment  is  moved 
about  by  the  amoeboid  contractions  of  the  host.  The  parasites  are 
either  embedded  in  the  coloured  blood-corpuscles  or  are  free  in  the 
blood  plasma.  Several  are  sometimes  contained  in  the  substance  of  a 
single  corpuscle.  They  live  evidently  at  the  expense  of  the  cell  host, 
and  increase  so  rapidly  in  bulk  that  there  arrives  a  time  when  the 
corpuscle  is  entirely  consumed  by  them. 

VOL.  II  3  Y 
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A  nucleus  has  been  described  as  present. in  some  of  the  bodies,  bat 
Laveran  considers  that,  if  such  exist,  it  must  be  difficult  to  see. 

2.  Flagella. — Some  of  these  round  parasites  are  provided  with 
delicate  flagella.  They  move  with  great  rapidity,  and  agitate  the  cor- 
puscles lying  in  their  neighbourhood.  From  one  to  four  such  flagella 
may  come  off  from  a  single  parasite  (Fig.  596,  13,  14  ;  and  Fig,  595,  e). 
They  are  so  transparent  that,  in  spite  of  their  great  length,  they  are 
hardly  ever  visible.  They  often  become  separated  from  the  parent 
(Fig.  595,/). 

3.  Crescentic  Bodies. — These  are  cylindrical  bodies,  more  or 
less  pointed  at  either  end  and  presenting  a  crescentic  curve.  Their 
substance  is  transparent  and  uncoloured  unless  at  their  middle,  where 
granules  of  pigment  are  found  (Fig.  595,  ^,  ^  /  and  Fig.  596,  15).  Their 
length  is  usually  a  little  greater  than  that  of  a  coloured  blood- 
corpuscle.  On  their  concave  side  a  line  uniting  the  two  ends  is  often 
noticed.  These  crescentic  elements  remain  free  in  the  blood ;  when 
one  of  them  becomes  attached  to  a  blood-corpuscle  the  attachment  is 
accidental,  so  that  if  the  cover-slip  be  lightly  disturbed  the  body  in 
question  becomes  easily  detached.  They  are  devoid  of  movement  and 
are  unprovided  with  flagella. 

4.  Bodies  **  en  rosace  "  or  segmented. — Such  bodies  are  of 
round  shape,  and  the  segmentation  is  sometimes  regular  and  "sun- 
like." They  are  found  in  quartan  fever,  sometimes  in  quotidian,  but 
rarely  in  tertian. 

According  to  Golgi  (No.  366,  x.  1891,  p.  136)  this  form  is  of 
great  importance  as  representing  the  principal  mode  of  multiplication. 

The  hsematozoon  increases  evidently  by  fission.  It  is  seen  to 
divide  into  several  segments,  which  separate  from  each  other  (Fig. 
596,  12).  The  fission  sometimes  presents  a  radial  character  (Fig.  596, 
11),  and  when  so  the  pigment  gathers  in  a  mass  at  the  centre. 

When  the  separation  of  the  segments  is  completed  the  pigment  is 
liberated,  and  may  be  absorbed  by  adjacent  leucocytes  (Fig.  595,  A),  or 
carried  about  free  in  the  circulation.  It  is  thus  that  the  melanotic 
pigmentation  of  the  liver,  spleen,  etc.,  in  malaria,  is  to  be  accounted 
for.  The  pigment  is  a  product  of  the  haemoglobin  of  the  haemocyte, 
and  is  elaborated  by  the  parasite  adherent  to  it. 

Relative  Frequency  of  the  above. — Of  432  cases  in  which 
Laveran  made  out  the  presence  of  the  parasites  in  persons  suffering 
from  malarious  fever  in  Algeria  the  following  was  noted  : — 

Spherical  bodies  alone  .  .  .  .266  times 

Crescentic  bodies  alone  .         .         .  .  .  .       43     „ 

Spherical  and  crescentic  bodies      .         .  .  .  .       31     „ 

Spherical  and  flagellated  bodies      .         .  .  .  .       59     „ 

Spherical,  crescentic,  and  flagellated  bodies  .  .  .       33     „ 

The  spherical  bodies  alone  or  associated  with  others  have  thus 
been  observed  by  him  389  times  out  of  432 ;  the  crescentic  bodies 
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alone  or  associated  with  others,  107  times;  those  which  were  flagel-, 
lated  were  associated  always  with  those  which  were  spherical,  and  in 
92  of  the  432  observed  cases. 

Relationship  of  one  Form  to  the  Other. — This  seems  some- 
what doubtful  as  yet.  Laveran,  however,  inclines  to  the  idea  that 
they  are  successive  stages  of  the  same  parasite.  The  interpretation  of 
the  significance  of  the  crescentic  bodies  still  remains  obscure. 

Effect  on  the  Blood.— Dionisi  (No.  49,  1891,  i.  p.  287)  says 
that  where  the  plasmodia  are  abundant  the  loss  in  coloured  blood- 
corpuscles  may  amount  to  from  200,000  to  1,000,000  per  cu.  mm. 
In  the  intervals  of  the  attacks  a  recuperation  takes  place.  In  early 
attacks  the  destruction  is  greater  than  in  those  which  come  on  later. 

Relationship  to  the  Fever. — The  parasites  are  most  numerous 
and  most  characteristic  at  the  time  of  access  of  the  fever.  It  has 
been  supposed,  more  especially  by  Italian  observers,  that  the  differ- 
ent forms  of  fever  (quotidian,  tertian,  quartan)  are  the  result  of 
different  species  of  parasite,  and  that  the  course  of  the  fever  corre- 
sponds to  the  extent  of  the  life  history  of  the  parasite.  Golgi  found, 
for  instance,  that  in  quartan  fever  the  life  history  of  the  parasite,  from 
the  time  of  invasion  of  the  blood-corpuscle  up  to  complete  division  of 
the  ripe  plasmodium,  occupied  three  days ;  while  in  the  case  of  tertian 
fever  the  same  cycle  of  events  was  accomplished  in  two  days.  Laveran, 
however,  has  doubts  as  to  any  such  relationship  having  been  con- 
clusively demonstrated.  It  is  generally  admitted  that  the  crescentic 
variety  is  more  common  where  a  relapse  has  occurred,  or  where  the 
malarious  cachexia  has  been  established. 

Farenski  and  Blatteis  (No.  49,  1892,  ii.  Ab.  1,  p.  19)  also  believe  that  the 
tertian  and  quartan  varieties  are  due  to  separate  parasites  ;  the  quotidian,  they  hold, 
is  the  result  of  a  mixed  infection. 

Golgi,  Canalis,  and  Celli  have  described  three  distinct  kinds  of  plasmodium. 
Laveran  regards  them  all  as  merely  stages  in  the  life  history  of  the  same  parasite. 
The  species  seems  to  differ  according  to  south  or  north  latitude. 

The  following  are  described  by  Celli  and  Marchiafava  (No.  625,  p.  189)  as  the 
characteristic  forms  in  the  various  types  of  malarious  fever.  They  are  best  seen  in 
blood  obtained  by  puncturing  an  internal  organ  during  life.  In  the  quotidian  type, 
which  is  the  most  severe,  small  shining  bodies  having  active  amoeboid  movements 
are  found  within  the  blood-corpuscles.  Their  number  varies,  but  they  are  found  in  all 
pernicious  types  of  the  disease.  They  are  sometimes  enclosed  in  leucocytes,  or  in 
endothelial  cells,  in  which  also  black  pigment  is  to  be  seen.  Flagellated  and  half- 
moon-like  shapes  may  also  be  noticed  in  the  corpuscles,  but,  with  Laveran,  the 
authors  regard  all  these  as  merely  phases  in  the  life  history  of  a  single  parasite.  In 
the  tertian  type  small  amoeboid  bodies  are  found  which,  as  they  grow,  become  filled 
rapidly  with  pigment.  They  manifest  lively  amoeboid  movements.  The  black 
granules,  moreover,  are  finer  than  in  the  quartan.  The  authors  describe  a  special 
parasite  in  the  quartan  variety,  of  which  they  give  a  drawing  in  the  above-referred- 
to  publication. 

Attempts  to  Cultivate  and  Transmit. — The  artificial  cultiva- 
tion of  the  Plasmodia  as  yet  has  proved  unsuccessful,  even  when  the 
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culture  basis  has  been  pure  blood.  Efforts  aimed  at  conveying  the 
disease  to  the  lower  animals  have  also  failed,  although  in  their  blood 
organisms  evidently  closely  related  to  those  of  malaria  are  to  be 
found  in  malarious  districts. 

The  interhuman  transmission  of  the  disease,  however,  has  been 
accomplished  by  injecting  a  small  quantity  of  malarious  blood  con- 
taining the  organism  into  the  venous  system  of  a  fresh  subject. 

Method  of  examining  the  Blood. — The  blood  is  best  examined 
fresh  at  an  ordinary  temperature.  The  use  of  the  warm  stage  is 
unnecessary.  It  should  be  examined  from  time  to  time  and  at  different 
times,  as  it  may  happen,  more  particularly  if  the  subject  of  observa- 
tion has  been  taking  quinine,  that  the  plasmodia  have  temporarily 
disappeared. 

Cover-glass  preparations  can  be  kept  if  they  are  simply  dried  with 
heat.  Perosmic  acid  as  a  fixing  agent  is  not  required.  The  blood 
ought  to  be  taken  from  the  finger  after  washing  the  skin  with  soap 
and  water  and  alcohol.  It  is  received  between  two  cover  glasses  so  as 
to  spread  it  out  in  a  suflBciently  thin  film.  The  cover  glasses  are 
separated  and  dried  gently  over  a  flame.  They  may  afterwards  be 
rolled  up  in  paper  and  labelled. 

The  blood  can  also  be  examined  very  well  in  its  dried  state. 
Canada  balsam  renders  it  too  transparent.  It  may  be  stained  to 
advantage  with  methylene  blue  and  eosin.  The  methylene  blue 
stains  the  parasite,  the  eosin  the  blood-corpuscles. 

Parenski  and  Blatteis  (No.  49,  1892,  ii.  Ab.  1,  p.  19)  examine,  the  movements 
of  the  Plasmodia  on  the  warm  stage  in  blood  diluted  with  serum  stained  with 
methylene  blue.  The  plasmodia  take  on  the  blue  colour  readily,  and  retain  their 
movements  for  long.  For  staining  permanent  cover-glass  preparations  they  re- 
commend— 

R 

Sol.  aquos.  satur.  methyleni  coerulei  .  .  .100 

Eosini  aqua  solub.  .  .  .  .  .  0*50 

Alcoholis  absol.  .  .  .  .  .  15*0 

The  blood-corpuscles  stain  red,  the  nuclei  of  the  colourless  corpuscles  deep  blue, 
and  the  plasmodia  pale  blue. 

Action  of  Remedies. — According  to  the  same  authorities, 
quinine  is  destructive  only  to  the  mature  forms,  not  to  those  inter- 
mediate. It  ought,  therefore,  to  be  given  during  the  attack,  not  in 
the  intervals,  as  it  is  at  the  time  of  the  attack  that  the  plasmodia  exist 
in  their  fidly-developed  condition.  Methylene  blue  given  internally 
causes  the  plasmodia  to  disappear  from  the  blood  -without  any  un- 
toward result.  Antipyrin  and  antifebrin  are  both  active,  while 
salicylic  preparations  are  without  effect. 

General  Conclusions. — Summing  up  the  various  arguments  in 
favour  of  the  parasites  in  question  being  the  cause  of  malarious  fever, 
they  are  the  following : — 
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(1)  Heematozoa  having  identical  characters  have  been  found  in 
malarious  subjects  in  all  countries. 

(2)  These  heematozoa  have  never  been  met  with  in  persons  who 
were  not  affected  with  malaria. 

(3)  The  development  of  the  heematozoa  is  intimately  related  to 
the  production  of  melanajmia,  which  is  so  peculiarly  characteristic  of 
malaria. 

(4)  The  salts  of  quinine  cause  the  disappearance  of  the  organism 
at  the  same  time  as  they  cure  the  fever. 

(5)  The  interhuman  transmission  of  the  disease  through  infected 
blood. 

Literature  on  Malaria. — Binz  (Amoeba) :  Terap.  mod.,  Padova,  v.  1891,  p.  661  ; 
aluo  (Action  of  Quinine  on  Malaria  Amceba),  Berl.  klin.  Wochnschr.,  xxviii.  1891,  p. 
1045.  Bonebakker:  Het  Plasmodium  malarire,  1891.  Brush  (Blood  in) :  N.  Y. 
Med.  Rec,  xli.  1892,  p.  66.  Catrin  :  Le  paludisme  chroniquo,  1893.  Ceci:  Arch, 
f.  exper.  Path.  u.  Pharmakol.,  xv.  1882,  p.  153;  Ibid.,  xvi.  1882,  p.  1.  Council- 
man :  Trans.  Am.  assoc.  of  am.  physicians,  1886,  p.  89  ;  Med.  News,  i.  1887,  p. 
59.  Councilman  and  Abbot :  Am.  Journ.Med.  Sc.,  1885,  p.  416.  Danilewski: 
Ann.  de  I'lnst.  Pasteur,  v.  1891,  p.  758.  Evans:  Proc.  Roy.  Soc.  Lond.,  xlix. 
1891,  p.  199.  Glogner  (Examination  of  Blood  in  the  Tropics) :  Arch.  f.  path. 
Anat.,  cxxxii.  1893,  ^.  314.     Golgi  (Amoeba  of  Quartan  Fever):  Ztschr.  f.  Hyg.,  x. 

1891,  p.  136.  Hehir:  Microscopical  Observations  on  H^ematozoon  of  M.,  1891. 
Kaufmann  (Plasmodia):  Fortschr.  d.  Med.,  x.  1892,  p.  1000.  Klebs  and 
Tommasi-Crudeli :  Arch.  f.  exper.  Path.  u.  Pharm.,  xL  1879,  pp.  122,  311  ;  also, 
Reale  Academia  dei  Lincei,  Rome,  1878-79,  Eug.  Transl,  N.  Svd.  Soc.,  1888  ;  also. 
Practitioner,  xxiii.  1879,  p.  107.  Laveran :  Nature  parasitaire  des  accidents  de 
rimpaludisme,  1881  ;  also,  Compt.  rend.  Soc.  de  biol.,  iii.  1891,  p.  127  ;  also,  Du 
paludisme  et  de  son  h^matozoaire,  1891  ;  also,  Compt.  rend.  Soc.  de  biol.,  iv.  1892,  pt 
li.  p.  327  ;  Ibid.,  v.  1893,  p.  312  ;  also,  Tr.  VII.  Internat  Cong.  Hyg.  and  Demog., 

1892,  ii.  p.  10.  Marchand  :  Ai-ch.  f.  path.  Anat,  Ixxxviii.  1882,  p.  104.  Marchia- 
fava  and  Celli :  Fortschr.  d.  med.,  iii.  1885,  pp.  339,  787  ;  aho^  Arch,  per  le  sc. 
med.,  xiv.  1890,  p.  117.  Marchiafava  and  Cuboni:  Arch.  f.  exper.  Path.  u. 
Pharm.,  xiii.  1881,  p.  265.  Nepveu  (Flagellated  Bodies  included  in  White  Cells) : 
Compt  rend.  Soc.  de  biol.,  iii.  1891,  p.  699  ;  also  (Alterations  in  Capillaries  of  Liver), 
Ibid.,  iv.  1892,  p.  233  et  scq.  Pfeiffer :  Fortschr.  d.  Med.,  viii.  1890,  p.  939. 
Richard  :  Revue  scientifique,  1883,  p.  113.  Ruffer :  Brit  Med.  Joum.,  1893,  ii.  p. 
825.  Sacharoff:  Ama'biB  malarife  (ten  coloured  plates),  1892.  Thayer  (Treat- 
ment with  Methylene  Blue) :  Bull.  Johns  Hopkins  Hosp.,  iii.  1892,  p.  13.  Vincent 
(Haeraatozoon) :  Compt.  rend.  Soc.  de  biol. ,  iv.  1892,  p.  255. 

Protozoa  of  the  Blood  in  the  Lower  Animals. 

In  India  and  in  other  countries  with  a  warm  climate  the  blood  of 
the  lower  animals,  and  especially  the  rat,  often  contains  minute  flagel- 
lated protozoa.  The  author  remembers  seeing  these  in  the  blood  of 
rats  in  this  country,  and  the  explanation  of  their  presence  seemed  to 
have  been  that  the  rats  had  gnawed  straw  packing  which  had  come 
from  India  and  lay  in  the  cellar  where  they  were  caught.  Lewis 
has  drawn  special  attention  to  these  parasites. 

Literature  on  Blood  Parasites. — Cobbold :  Brit  M.  Journ.,  1876,  i.  p.  780. 
Danilewski:  Arch,  slaves  de  biol,  L  1886,  p.  85.  Leisering  (Htematozoa  of 
Domestic  Mammals):  Arch.  f.  path.  Anat,  xxxiii.  1865,  p,  111.  Lewis:  On  a 
Hsematozoon  inhabiting  Human  Blood  ;  its  Relation  to  Chymria  and  other  Diseases, 
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Fio.  597.— AscARia  Lum- 

BRICOIDES. 

(A)  Female  ;  (B)  male, 
of  natural  size,  (a)  Female 
genital  aperture;  (c)  the 
two  spicula  of  the  male ; 
(6)  the  head  end  of  the 
animal,  the  three  lipe  en- 
larged (after  Perls). 


1872  ;  also,  Pathological  Significance  of  Nema- 
tode  Hsematozoa,  Rep.  San.  Comm.  India, 
1874,  p.  iii.  Gaule  (Wiinnchen):  Arch.  f. 
Anat.  u.  Physiol.,  Phys.  Abth.,  1880,  p  57. 
Gluge  (Entozoon  in  Blood  of  Frog):  Arch, 
f.  Anat.  Phys.,  u.  Wissensch.  Med.,  1842,  p. 
148.  Manson  (Chinese  Heematozoa):  Med. 
Times  and  Gaz.,  1877,  ii.  pp.  513,  588,  568, 
589  ;  alsOf  The  Filaria  Sangainis  Hominis, 
etc.,  1883.  Osier:  Proc.  Roy.  Soc.,  xxii. 
1873-74,  p.  391.  Platncr:  Arch.  f.  MiL 
Anat,  XX vi.  1886. 


Vermes. 

The  Round  Worms  or  Nematoda. 

Ascaris  Lumbricoides. 

1153.  A  round  cylindrical  worm 
with  both  ends  pointed,  the  posterior 
more  so  than  the  anterior.  The  mouth 
is  at  the  anterior  end,  and  the  alimen- 
tary canal  runs  through  the  entire 
length  of  the  body.  It  has  a  brownish 
yellow  or  reddish  tint.  The  skin  is 
hard  and  is  marked  by  delicate  trans- 
verse striae.  Next  to  Eustrongylus 
gigas  it  is  the  largest  round  parasite 
of  Man. 

The  sexes  are  separate.  The  female 
is  the  larger  of  the  two,  and  measures 
from  10  to  16  inches  in  length  and  a 
quarter  of  an  inch  in  thickness.  The 
male  is  from  4  to  6  inches  long 
and  correspondingly  thinner  than  the 
female.  The  genital  opening  in  the 
female  lies  on  the  ventral  aspect  close 
behind  the  anterior  third  of  the  body. 
The  genital  apparatus,  it  is  said,  can 
hold  something  like  60,000,000  ova. 

The  posterior  end  of  the  male  is 
slightly  curved.  There  is  a  penis  pro- 
jecting from  the  cloaca,  together  with 
two  slender  chitinous  hooks,  which 
probably  serve  the  purpose  of  affixing 
the  male  during  copulation. 

The  ova  are  thrown  oflF  in  immense 
numbers  in  the  faeces.  The  develop- 
ment of  the  embryo  takes  places  out- 


CHAP.  XCVII 


ROUND  WORMS  OR  NEMATODA 


1063 


side  the  body,  in  water  or  in  moist  earth.     The  ova  can  be  frozen  or 
retained  for  long  in  the  dried  state  without  suflFering  injury. 

The  habitat  of  the  parasite  is  chiefly  the  small  intestine,  and 
mostly  in  children.    Ascarides  may  excite  a  catarrh 
of  the  intestine,   or  give  rise  to  certain  nervous 
reflex  phenomena. 


Ascaris  Mystax, 

This  is  a  small  round  worm  which  lives  chiefly 
in  the  intestine  of  the  cat.  It  has  occasionally 
been  found  parasitic  in  Man. 


Oxyuris  Fermicularis  (Thread-Worm). 


Fio.  598. —Ovum  of 
Ascaris  Lumbriooideb, 
WITH  Albuminous 
Precipitate  abound 
IT  (after  Heller ;  x  860 

DlAMS.) 


A  very  common  small  round  worm  which  in- 
habits chiefly  the  large  intestine.  The  female, 
which  is  about  10  mm.  (J-f  of  an  inch)  long,  somewhat  resembles  a 
small  ascaris  lumbricoides  in  the  fact  that  the  hind  end  is  sharply 
tapering.  That  of  the  male,  however,  is  blunter.  The  male  is  only 
about  4  mm.  in  length. 


Trichocephcdus  Dispar  (Whip- Worm). 

The  anterior  two-thirds  of  the  body  is  peculiarly  slender  as  com- 
pared with  the  posterior,  hence  the  paraaite  has 
some  resemblance  to  a  whip.  The  male  and  female 
are  from  4-5  ctm.  (li-2  in.)  long.  From  the 
posterior  rounded  end  of  the  male  a  penis  and 
spiculum  protrude;  the  genital  opening  of  the 
female  lies  at  the  anterior  end  of  the  thick  part. 
The  ova  are  from  ^iir  ^^  tttt  ^^  ^^  ^^^^  ^^  their 
longest  measurement.  They  develop  very  slowly, 
and  only  outside  of  the  body.  The  habitat  is  the 
caput  caecum.  The  parasite  is  sometimes  extruded 
in  great  masses. 


Anchylostoma  Duodenale  (Strongylus  or  Dochmius 
Dmdenalis). 

A  round  parasite  measuring,  the  male  about 
Fio.  ftw.— trichocephalus  ^  of  an  inch,  the  female  a  little  more.    It  inhabits 
DisPAR.  ^^Q  upper  part  of  the  small  intestine,  and  its  pre- 

sence is  fraught  with    great  danger,   owing  to  its  nourishing  itself 
by   sucking   the   blood   from   the   intestinal   mucous   membrane,  to 
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Fio.  600.— Trichina  Spiralis  (after  Heller). 
(A)  Female  giving  birth  to  young ;  (B)  male. 


which  it  is  usually  firmly 
attached.  A  considerable 
quantity  of  blood  is  also  lost 
by  oozing  from  the  punc- 
tures. Some  of  the  most 
severe  forms  of  anaemia  are 
due  to  its  presence.  On 
each  side  of  the  chitinous- 
lined  mouth  are  a  couple  of 
booklets  by  which  it  effects 
its  attachment.  The  ova 
are  about  50  fi  in  length. 
They  gain  entrance  to  the 
body  chiefly  through  con- 
taminated water.  It  is  com- 
mon in  North  Italy,  Brazil, 
Egypt,  etc. 

Eustrongylus  Gigas, 

The  largest  of  all  the 
intestinal  round  worms,  the 
female  measuring  sometimes 
1  m^tre  in  length  and  12 
mm.  in  thickness,  the  male 
about  J  metre  in  length.  It 
is  found  in  several  of  the 
lower  animals,  but  is  very 
rare'in  Man. 


Tiichina  Spiralis, 

A  small  round  worm 
living  parasitically,  in  its 
mature  state,  in  the  intes- 
tine of  many  warm-blooded 
animals  and  in  that  of  Man, 
and  in  the  muscles  of  the 
same  in  its  immature  state. 
It  gives  rise  to  a  very  dis- 
tressing and  sometimes  fatal 
disease,  characterised  by  loss 
of  appetite,  prostration,  ema- 
ciation, oedema  of  the  face 
and  extremities,  and  the 
most  excruciating  pains  in 
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the  muscles.  When  its  presence  is  unsuspected  the  symptoms  are 
generally  put  down  to  rheumatism.  The  I'atal  termination  is  some- 
times brought  about  by  the  occurrence  of  pneumonia. 

The  embryo  form  was  discovered  in  the  year  1835  by  Sir  James 
Paget,  while  a  student,  in  the  muscles  of  a  dissecting-room  subject. 
It  was  afterwards  described  by  Owen.  Its  relationship  to  the  adult 
intestinal  worm  was  made  out  twenty  years  afterwards  by  Leuckart. 

The  sexually  mature  parasite  inhabits  the  intestine  of  several 
warm-blooded  animals  and  sometimes  that  of  Man.  The  duration  of 
its  life  is  from  four  to  fivQ  weeks.  The  parasite,  as  it  is  found  in  the 
muscles,  is  in  an  immature  state,  and  requires  to  be  transferred  to  the 
intestine  of  a  second  host  before  it  can  reach  full  development. 

In  the  sexually  mature  condition  it  is  only  from  yV  ^  i  ^^'  ^^^g- 
The  body  is  rounded  and  filiform,  and  is  usually  slightly  bent  upon 
itself.  It  is  rather  thicker  at  the  posterior  than  at  the  anterior  end. 
The  head  end  is  narrow,  finely  pointed,  and 
unarmed,  and  possesses  a  simple  central  minute 
oral  aperture.  The  male  has  a  bilobed  appen- 
dage posteriorly  to  its  cloacal  or  anal  aperture, 
and  between  these  is  a  V-shaped  penis.  The 
muscular  cloaca  is  protruded  during  copulation. 
The  female  is  rather  stouter  than  the  male. 
The  genital  aperture  lies  far  forwards,  about 
the  posterior  end  of  the  first  fifth  of  the  axis. 
Reproduction  is  viviparous. 

The  embryos,  as  just  stated,  come  to 
inhabit  the  muscles.  The  flat  muscles,  such  as 
those  of  the  abdominal  wall  and  of  the  front 
of  the  neck,  contivin  most  of  them.  So  numerous 
may  they  be  that  the  muscle  may  appear  to 
the  naked  eye  as  if  dusted  over  with  pepper. 
Examined  mkroscopladl}/,  the  little  gray  points 
are  seen  to  be  made  up  of  a  fibrous  nodule  in 
which  are  contained  the  embryo  trichinae.  They  are  minute  round 
worms  coiled  up  two  and  a  half  times.  In  due  course  the  encapsuling 
fibrous  tissue  undergoes  calcification  and  the  parasite  dies  and  dis- 
appears, so  that  in  cases  of  old  standing  the  trichina  may  not  be  found  ; 
nothing  remains  but  a  little  calcified  fibrous-tumour-like  body. 

Soon  after  the  intrusion  of  the  parasite  the  surrounding  muscular 
fibre  loses  its  original  structure.  The  fibrillae  degenerate  into  a  finely 
granular  substance  and  the  sarcolemma  thickens.  The  spot  inhabited 
by  the  trichina  is  converted  into  a  spindle-shaped  widening,  which,  by 
consolidation  of  surrounding  parts,  becomes  transformed  into  a  cyst-like 
cavity. 

Life  History. — This  is  as  follows  :  The  embryos  are  introduced 
into  the  intestine  of  Man  or  other  warm-blooded  animal  through  eating 
usually  infected  pork.     On  the  second  day  after  being  introduced  they 


Fm.  fiOl.— Trichina  Spiralis  ; 
Embryo  embedded  in  Mus- 
cle (ftft^r  Leuckart). 


106G  THE  ANIMAL  PARASITES  OF  MAN  part  iv 

become  sexually  mature.  The  ova  are  developed  into  minute  filaria- 
like  embryos  within  the  uterus  of  the  mother,  and  in  this  condition  are 
extruded  from  the  genital  aperture.  They  are  bom  from  the  sixth 
day  onwards  after  the  trichina  has  taken  up  its  residence  in  the 
intestine.  The  number  of  young  in  each  mother  is  from  10,000  to 
15,000. 

The  liberated  embryos  soon  begin  to  migrate.  They  penetrate  the 
intestinal  wall  and  pass  through  the  abdominal  cavity  into  the  inter- 
muscular septa  of  the  surrounding  and  distant  muscles  (Leuckart). 
Their  number  decreases  from  the  abdomen  outwards ;  they  are  more 
numerous  on  the  anterior  than  on  the  posterior  aspect  of  the  body. 
The  embryos  pierce  into  the  substance  of  the  separate  muscular 
bundles,  and  after  fourteen  days  acquire  the  characters  of  the  ordinary 
muscle  trichinae  (Leuckart). 

If  now  such  flesh  be  eaten  in  an  uncooked  state  by  a  second  warm- 
blooded host  the  embryos  are  liberated  in  the  stomach  and  again  arrive 
at  maturity  in  the  intestine.  The  embryo  in  the  case  of  Man  is  usually 
derived  from  the  pig.  The  pig,  it  is  said,  is  infected  chiefly  by  devouring 
the  body  of  the  rat.     Trichinosis  is  a  common  disease  of  the  rat. 

Eight  per  cent  of  American  swine  slaughtered  are  said  to  contain  trichinae  (Belfield 
and  Atwood).  Something  like  13,000  parasites  may  be  contained  in  9.  cubic  inch  of 
muscle  taken  from  a  hog. 

Some  estimates  have  been  made  by  Leuckart,  Thudichum,  Cobbold,  and  others 
as  to  the  number  of  embryos  which  may  be  contained  in  the  body  of  a  single  person. 
It  has  been  calculated  that  in  a  human  subject  examined  by  Thudichum  there  were 
40,000,000,  and  in  another  examined  by  Cobbold  as  many  as  100,000,000. 

In  an  outbreak  of  trichinosis  which  occurred  in  England  Cobbold  calculated  that 
the  flesh  of  a  hog  contained  something  like  80,000  to  the  ounce.  The  consumpt  of 
a  pound  of  such  flesh  would  be  capable  of  producing  in  the  human  body  as  many  as 
400,000,000  of  a  progeny. 

The  embryos  are  by  no  means  destroyed  in  all  cases  by  ordinary  methods  of 
roasting,  cooking,  pickling,  or  smoking.  The  best  safeguard  is  to  have  the  flesh  of 
slaughtered  animals  carefully  examined  by  competent  authorities  before  being 
consumed. 

Filaria  Sanguinis  Hominis, 

For  what  we  know  of  this  parasite  we  are  chiefly  indebted  to  Lewis 
in  India,  Manson  in  China,  and  Bancroft  in  Australia.  A  very  few 
cases  have  from  time  to  time  been  noticed  in  this  country.  The  first 
was  described  by  Gabb.  It  appears  to  be  indigenous  only  within  the 
tropics. 

Embryo  Stage. — The  parasite  is  best  known  in  this  form.  It 
takes  the  shape  of  a  minute  round  worm  7V  ^  A"  "^^^  ^^^S  ^y  ^Vtnr 
inch  broad,  which  is  parasitical  upon  the  blood.  Its  breadth  is  thus 
very  much  the  same  as  that  of  a  coloured  blood-corpuscle.  It  is  some- 
what thicker  at  the  one  end  than  at  the  other.  It  is  enclosed  in  a  delicate 
sac  which  is  rather  longer  than  the  embryo  itself.     Its  movements, 


CHAP,  xcvn  ROUND  WORMS  OR  NEMATODA  1067 

as  seen  in  fresh  blood,  are  particularly  lively  and  snake -like  in 
character. 

It  is  absent  from  the  blood  during  the  day  unless  quite  exceptionally, 
and  reappears  by  six  o'clock  at  night.  By  twelve  o'clock  it  is  so  abund- 
ant that  a  hundred  may  be  counted  in  a  single  droplet  of  blood.  As 
morning  arrives  they  diminish  in  numbers,  and  by  eight  or  nine  o'clock 
again  disappear.  It  is  not  known  what  comes  of  them  in  the  intervals 
in  which  they  are  absent. 

Mature  Parasite. — The  mature  parasite  was  discovered  by 
Bancroft,  one  in  a  lymphatic  abscess  of  the  arm,  and  four  others  in  a 
hydrocele  of  the  cord.  It  is  about  the  thickness  of  a  human  hair 
and   from    3   to  4   inches   long.      It   is  viviparous,  and   emits   the 


Fio.  602.— FiLARiA  SA2?auiNi8  HoMiNis  (after  Lewis). 

embryo  filariae  in  immense  numbers  from  the  genital  aperture  about 
the  centre  of  the  body.     The  male  and  female  are  separate. 

Life  History. — It  is  alleged  by  Manson  that  the  embryo  filariae 
gain  entrance  to  the  human  body  through  the  agency  of  the  mosquita 
In  the  stomachs  of  mosquitos  which  had  bitten  a  filarious  subject 
numerous  filarise  were  found  by  him  in  a  living  state  several  days  after 
they  had  been  intussuscepted.  The  mosquito  deposits  its  eggs  on  the 
surface  of  water  and  subsequently  dies,  and  it  is  supposed  that  the 
filarise  get  into  drinking  water  from  the  dead  body  of  the  mosquito 
and  thence  are  transferred  to  the  fresh  host. 

Diseases  induced  by  it. — They  are  said  to  be  present  in  the 
blood  of  10  per  cent  of  natives  in  India  where  the  disease  is  endemic, 
but  many  of  these  do  not  suffer  in  health.  The  parasite,  in  its 
embryonic  state,  may  apparently  escape  from  the  kidney  and  induce 
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haematuria.  Much  more  frequently  it  accom- 
panies Chyluria  and  Lymph  Scrotum  (see  de- 
scription under  these  headings). 


Guinea-Worm  (Dracunculus  Medinensis). 

A  nematode  from  1  to  6  feet  long  and  about 
-jV  i"ch  in  thickness.  The  body  is  uniformly 
cylindrical  The  male  dracunculus  is  unknown. 
The  female  lies  in  the  subcutaneous  tissues  of 
different  parts  of  the  body,  usually  the  leg  or 
some  other  part  which  touches  water,  as  the 
shoulder  in  water-carriers.  The  parasite  is  vivi- 
parous. The  embryo  parasites  (Fig.  604)  are 
emitted  from  the  genital  aperture  and  are  cast 
oflf  into  the  water.  They  attach  themselves  to 
the  skin  of  the  leg  or  other  part  and  manage  to 
make  their  way  into  the  subcutaneous  areolar 
tissue.  When  the  female  is  distended  with 
embryos  it  comes  to  the  surface  and  throws  them 
off.  In  doing  so  it  gives  rise  to  great  local  irrita- 
tion. 


Suctorial  Worms  or  Trematoda. 
Flvkes} 

1 154.  These  are  very  rare  in  the  case  of  Man, 
but  in  the  herbivora  are  common  parasites  of  the 
bile-ducts.  According  to  Cobbold,  the  common 
fluke  is  the  Fasciola  hepatica ;  it  is  sometimes,  but 
wrongly,  said  to  be  the  Distoma  hepaticum. 

They  are  small  lanceolate,  flounder-  or  sole- 
fish-like  bodies,  about  J  inch  long  and  J  inch  broad. 
They  possess  a  distinct  dorsal  and  ventral  surface 
and  a  so-called  head  and  neck.  They  have  two 
suckers,  one  near  the  mouth,  the  other  on  the 
ventral  aspect  of  the  body.  The  coloiu:  is  dull 
brown,  exactly  like  that  of  a  sole-fish.  Their 
special  habitat  is  the  gall  bladder  and  bile-ducts. 
They  give  rise  in  sheep  to  the  disease  known  as 
rot,  a  disease  characterised  by  dilatation  of  the 
bile-ducts  containing  the  flukes,  by  thickening  of 

FlO.    608.— FiLARIA    (Dra- 

CUNCDLU8)  Medinensis  *  The  tenn  "fluke"  is  of  Saxon  origin,  and  is  applied 
Oife  size ;  after  Leuc-  to  a  flat  object  such  as  a  flounder,  the  halves  of  the  UU  of 
^rt)-  cetaceans,  or  the  blade  of  an  anchor. 
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their  walls,  and  by  the  deposition  of  cirrhotic  fibrous  tissue  around 
theuL  The  obstruction  caused  by  the  cirrhotic  tissue  to  the  passage 
of  the  portal  blood  through  the  organ  induces  more  or  less  abdominal 
dropsy. 


BUharzia  Hasmatdbia  (Distoma  Haematobium). 

The  Bilharzia  is  the  cause  of  a  very  protracted  and  often  fatal 
form  of  hsematuria.  Its  reproductive  organs  are  in  separate  indi- 
viduals. The  female  is  from  16  to  19  mm.  long  and  almost  cylindrical 
in  form.  The  male  is  slightly  shorter — from  12  to  14  mm.  long.  The 
body  is  flattened  and  posteriorly  is  bent  inwards  so  as  to  constitute  a 
groove  or  channel,  the  gynsscophoric  canal,  into  which  the  female   is 


Fio.  604.— Embryo  Dracuncdu  (after  Cobbold). 

received  (Fig.  606).  The  female  is  thus  the  longer  and  the  more 
slender  of  the  two.  The  male  has  a  horse-leech-like  aspect.  The 
mature  parasite  resides  in  the  blood-vessels,  more  particularly  those 
of  the  urinary  bladder. 

The  recognition  of  the  ova  is  an  important  point,  as  they  are  shed 
in  the  urine,  and  the  diagnosis  of  the  disease  in  great  measure  depends 
on  their  detection.  They  are  elongated  oval  ])odies  '12  mm.  long, 
sharply  acuminated  at  one  extremity  (Fig.  608,  a)^  and  often  con- 
taining black  pigment.  They  are  found  adhering  to  the  free  surface 
of  the  bladder  (Fig.  607)  and,  it  may  be,  distributed  by  the  blood  to 
nearly  every  organ  and  tissue  of  the  body.  They  may  induce  a  fungoid 
condition  of  the  wall  of  the  bladder  (Eve,  No.   192,  xxxix.  1887-88, 
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p.  184).  Sometimes  they  are  found  on  the  mucous  membrane  of  the 
intestine. 

The  embryo  (Fig.  608,  c)  is  a  minute  ciliated  animalcule,  and  its 
hatching  from  the  ovum  can  often  be  witnessed  in  the  urina 

The  parasite  gains  entrance,  it  is  said,  through  the  drinking  water, 
and  (Cobbold)  through  becoming  parasitic  on  certain  of  the  gasteropod 
mollusca.     It  gives  rise  to  diarrhoea,  hsematuria,  Egyptian  chlorosis, 


Fio.    606.  —  The    Common    Fluke 

(DiBTOMA  HePATICUM),  SHOWING 
HrCKERS   AND  MaLE  AND  FeMALE 

Sexual  Groans  ;  about  three 
timem  Natural  Size  (after  Leuc- 
kart). 


Fio.  606.— DistomaCBilharzla) 

HiEMATOBlUM,       MaLS      AND 

Female,  the  Latter  in  the 

CaKALIS  OTNiCOOPHORUS  OF 

the    Former  (after   Leuc- 
kart). 


colicky  pains,  and  great  prostration.     The  disease  induced  by  it  is 
chiefly  confined  to  Egypt  and  the  Cape. 


Flat  Worms  or  Cestoda. 

1155.  The  flat  or  tape  worms  are  among  the  commonest  of 
intestinal  parasites  in  warm-blooded  animals.  They  can  hardly  be 
regarded  as  single  creatures,  but  leather  as  ribbon-like  colonies  of  many 
individuals  jointed  together.  The  segments  are  known  as  proglottides, 
and  when  fully  grown  may  for  some  time  lead  a  separate  existence. 
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?^-^ 


Fio.  607.— Ova  op|Di8TOMa  Hjcmatobium  on  Wall  of  Bladder  (x50  Diams.) 

(a)  Muscular  coat  of  bladder ;  (6)  congeste^l  blood-vessel  in  same ;  (c,  c)  blood-vessels  containing 
ova ;  (d)  thick  deposit  of  ova  on  surfoce  of  bladder.  Most  of  the  ova  contained  black  pigment. 
They  lay  upon  the  sloughy  remains  of  the  mucous  membrane,  and  were  embedded  in  a  granular 
(albuminous)  substance. 


Fio.  608.— Eqos  and  Embryos  of  Distoma  Hi«MATOBini{  or  Bilhaazia  HiCMATOBiA 
(after  Harley). 

(a)  Three  ova  (50  Diams.)  and  a  portion  of  mucous  membrane  with  eggs  attached  (x25  Diams.) ; 
(b)  egg  with  segmented  yolk;  (c)  free  embryo;  (d)  ruptured  egg  with  embryo  escaping  (x  150 
Diams.) 
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Should  the  head  be  expelled,  however,  the  proglottides  all  die  before 
long.  The  distinctive  point  of  diagnosis  lies  in  the  characters  of  the 
head. 

Tsenia  Solium. 


This  is  the  tapeworm  derived  from  eating  infected  pork.     It  has 
its  habitat  in  the  small  intestine.      It  is  a  long  soft  white  jointed 
organism,  which  when  alive  elongates  and  con- 
tracts with  facility. 

The  head  is  rarely  met  with  on  account 
of  its  being  seldom  evacuated.  In  front, 
there  is  a  well-marked  rostellum,  and  at  the 
base  of  this  a  fiinge  of  booklets.  The  hook- 
lets  differ  in  size,  alternately  large  and  small. 
The  head  is  provided  with  four  round  suckers. 
It  also  displays  a  number  of  dark,  almost 
black,  pigment  granules,  and  some  calcareous 
discs,  which  are  particularly  abundant  at  the 
base  of  the  rostellum  and  neighbourhood  of 
the  booklets.  A  water- vascular  system,  as 
in  the  other  cestoda,  runs  down  each  side  of 
the  body  and  across  the  joints.  The  tubes  are 
double  in  the  region  of  the  head.  Each  seg- 
ment or  proglottis  is  provided  with  complete 
male  and  female  sexual  organs,  the  animal 
being  hermaphrodite.  In  each  there  is  a  penis 
and  seminal  vesicles,  with  ovary,  branched 
uterus,  and  vaginal  canal. 

Nourishment  is  carried  on  by  imbibition  of  the  contents  of  the 
intestine. 

The  ova  are  passed  in  great  numbers  in  the  faeces,  and  give  them 
a  sand-like  aspect.     The  ova  are  globular,  and  contain  a  pretty  well 
advanced  embryo  at  the  time  they  are  ejected.     The 
ovicapsule  is  radially  striated. 

Life  History. — Immense  numbers  of  ova  escape 
wdth  the  faecal  matter  and  get  into  all  manner  of  situa- 
tions. They  are  swallowed  by  a  second  host  (pig,  ox, 
fish).  They  cannot  develop  in  the  original  host,  even  no.  6lo.-o^TM  or 
although  fertilised,  but  when  taken  into  the  stomach  tjima  solium 
of  the  second  host,  the  ovicapsule  is  dissolved  by  the 
secretion  of  the  organ  and  the  embryo  is  set  free.  It 
is  provided  with  six  siliceous  hooks,  and  hence  is  known  as  the  six- 
hooked  embryo  or  proscolex.  By  means  of  these  hooks  it  attaches 
itself  to  the  wall  of  the  stomach,  and  bores  through  its  coats  into  a 
neighbouring  tissue  or,  it  may  be,  into  a  blood-vessel,  by  whose  instru- 
mentality it  is  conveyed  into  distant  organs. 


Fio.  609.— Head  or  T^jiia 
Solium  (after  Leuckart). 


t 


(after    H»?ller;  x 
about  350  Diams.) 
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Once  located  in  its  ultimate  destination,  the  body  of  the  embryo 
becomes  distended  into  a  little  cyst,  while  the  booklets  fall  off. 
The  term  cysticercus  cellulose  is  often  applied  to  this  cyst-like 
stage  of  development,  and  when  the  cysts  are 
scattered  abundantly  through  the  animal,  the  term 
measly  pork  or  measly  beef  is  applied  to  the 
flesh. 

Soon  a  little  wart-like  bud  shows  itself  on  the 
interior  of  the  cyst,  which  enlarges  and  becomes 
converted  into  the  future  head  of  the  mature  para- 
site. This  immature  head  or  scolex  is  further 
enveloped  in  a  membrane  known  as  receptaculum 
SCOlicis.  The  scolices  are  provided  with  booklets, 
suckers,  rostellum,  and  calcareous  particles,  just  as 
in  the  mature  animal 

If  the  scolex  reaches  the  stomach  of  a  suitable 
third  host,  such  as  Man,  the  cyst-wall  is  dissolved 
and  the  scolex  set  free,  and  from  it  is  developed  the 
chain  of  proglottides.  The  mature  worm  is  known 
as  the  stxobila. 

Three  hosts  are  thus  required  for  its  development. 

From  Host  No.  1  the  ova  are  thrown  off. 

Host  No.  2  swallows  the  ova  and  liberates  the  proscolex  or  six- 


Fio.  611.— Cysticercus 
Cellulose  of 
Natural  Size. 

(a  and  h)  Young  ex- 
amples with  head  re- 
tracted and  protruded 
respectively;  (c)  older 
example  with  retracted 
head  (aft«*r  PerlsX 


Fig.  612.— Circle  of  Hooklets  of  a  Scolex  in  the  Cysticercus  Cellulos.e 
(afttr  Perls  ;  x  about  110  Diams.) 


hooked  embryo.     It  is  transformed  into  the  cysticercus,  and  within 
this  the  scolex  is  developed. 

VOL.  II  3  z 
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Host  No.  3  devours  the  scolex  which  throws  out  fresh  proglottides, 
and  thus  becomes  converted  into  the  strobila  or  mature  parasite. 

Tamia  Mediocandlaia  or  Soffinata, 

Whereas  the  T.  solium  becomes  parasitical  on  Man  through  eating 
infected  pork,  this  is  derived  from  contaminated  beef.     It  is  sometimes 


Fio.  614.— Hkad  of  Tjexia  Mediocavellata 
OR  Saoinata  (after  Leackarty. 

(A)  Retr»ct«d  and  (B)  extended  state. 


Fig.  613.  — T.«nia  Mkdiocakellata 
OR  Saoinata— Natural  Size  (after 
Leuckart). 


known  as  the  "  unarmed  taenia,*  from  the  fact  of  the  head  being  unpro- 
vided with  booklets.  It  is  also  devoid  of  a  rostellum,  but  is  provided 
with  four  large  round  suckers. 
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The  segments  as  a  rule  are  a  little  larger  and  broader  than  those 
of  T.  solium,  but  are  not  perfectly  distinctive  on  that  account. 

BothriocephcUus  Latus. 

It  is  not  common  in  Great  Britain,  but  is  indigenous  in  Ireland 
and   in   Germany.      It  may  attain  a  length   of  25    feet,   and   the 


Pio.    615.  — B0THR10CEPHALU8    Latus— 
Natural  Size  (after  Leuck&rt). 


Fio.  616.— Head  of  Both- 

BIOCEPHALUS   LaTUS   CON- 
SIDERABLY ENLARGED 

(after  KnochX 

(o)  Front  view,  showing 
the  neck  and  hnmature  seg* 
ments ;  (&)  lateral  view,  dis- 
playing one  of  the  bothria. 


segments  are  nearly  an  inch  in  breadth.     The  head  is  bluntly  pointed 
at  the  tip,  and  instead  of  the  four  round  suckers  of  the  other  two 
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varieties,  is  provided  with  a  couple  of  elon- 
gated slit-like  fossae  which  act  as  suckers. 
They  are  placed  one  at  each  side.  There 
are  no  hooklets.  The  joints  are  very  slender 
up  till  the  time  when  they  become  sexually 
mature.  The  intermediate  host  is  probably 
a  fish. 


I  f  Tienia  Eckinococcm  (Hydatids). 

«  ^  This  parasite  is  the  most  important  of 

B  2  all    the    tapeworms,    on    account   of    the 

a  ^  scolices  being  often  located  in  Man,  enclosed 

^1  in  one  or  more  huge  cysts.     These  cysts 

5  I  go  by  the  name  of  "  hydatids."     It  is  also 

a"  2  a  common  disease  of  grazing  animals. 

p  S  The  mature  parasite  is  a  small  tape- 

^  «  worm,  only  about  a  quarter  of  an  inch  long, 

I  ^  which  lives  in  the  intestine  of  the  dog.    It 

a  I  is  possessed  of  four  segments,  and  is  dis- 

S  '^  tinguished  by  the  great  length  of  the  last 

1^  (Fig.  617).     This  is  as  long  as  the  other 

^  %  three  combined.     The  head  has  a  pointed 

t  ^  rostellum,  with  a  fringe  of  thirty  to  forty 

a  g  hooklets   at   its   base,    and    four   suckers. 

«  .  Numerous  calcareous  particles  are  seen  in 

K  z  the  head,   and  there  is  a  water  vascular 

^  2  system  running  down  each  side  of  the  body. 

I «  The  cyst-wall  or  hydatid  is  a  thick 

g  t  gelatinous  membrane  which  when  detached 

sT  t>  tends  to  curl  inwards.     It  consists  of  two 

I  P  layers,  an  outer  or  edocyst  and  an  inner  or 

S  I  endocyst  (Huxley).     The  ectocyst  is  merely 

S  g  a  chitinous  envelopment,  and  is  sometimes 

d  I  known  as  the  cuticula  on  that  account; 

S  g  the    endocyst    is    that    from    which    the 

I  ^  scolices  are  developed. 

1  o  These  are  seen  projecting  from  its  inner 
£  =  aspect  as  little  wart-like  bodies.  They  are 
^  »  frequently  in  a  bunch  of  four  or  more  at- 
<  g  tached  to  a  common  stem  (Fig.  6 18,1).  They 
^  g  have  much  the  same  characters  as  the  heads 

I.  F  of  the  mature  worm.      They  measure  at 

s  I  most  3  mm.  in  length,  and  are  provided 

2  with  four  suckers,  and  a  fringe  of  hooklets 
as  numerous  as  in  the  adult  but  less  in  size. 


^..■^ 


FlO.  618. — SCOLICES    OF    T.€KIA    ECHINOCOCCUS. 

(1)  Group  of  echinococci  attached  by  their  pedicles  to  a  portion  of  the  collapsed  wall  of  a  brood- 
capsule.  All  the  heads  and  cephalic  hooks  have  remained  inverted.  From  the  hydatid  of  the 
sheep  (after  Busk). 
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These  booklets  often  become  detacbed  in  tapping  tbe  cyst  Tbe  fact 
of  tbeir  occurrence  in  tbe  liquid  is  perfectly  diagnostic. 

Tbe  scolices  bave  tbe  power  of  retracting  tbe  rostellum,  so  tbat  the 
fringe  of  booklets  may  under  these  circumstances  appear  to  be  in  the 
centre  of  the  body. 

Tbe  cyst  is  fiUed  with  clear  liquid,  having  a  specific  gravity  ranging 
from  1009  to  1015.  It  contains  much  sodium  cWoride  but  no 
albumin. 

In  Man  the  cyst  is  usually  single,  and  continues  growing  until  it 
may  reach  the  size  of  a  large  orange  or  coco-nut.  Sometimes,  how- 
ever, and  more  especially  in  the  lower  animals,  the  cyst  is  multilocular 
from  tbe  development  of  daughter  cysts  within  it  In  what  is  known 
as  Echinococcus  veterinorum,  K  exogenus,  or  E.  granulosus,  the 
daughter  cysts  grow  autvxirds  from  tbe  wall  of  tbe  parent  These  bave 
tbe  same  power  of  forming  scolices  as  the  original.  In  another  variety 
commoner  in  Man  the  secondary  cysts  are  developed  within  the  original 
cyst,  and  sometimes  even  tertiary  cysts  are  seen  within  these  (K 
endogenus  or  K  bydatidosus). 

Life  History. — Tbe  ova  are  cast  off  from  the  mature  parasite 
in  the  intestine  of  the  dog.  Through  the  drinking  water  or  other 
medium,  they  get  into  the  stomach  of  a  second  warm-blooded  animal 
Tbe  six-booked  embryo  is  set  free,  and  makes  its  way  through  the 
blood-vessels  of  tbe  stomach  into  the  liver,  tbe  eyeball,  lung,  brain,  or 
some  other  part.  There  it  becomes  distended  with  liquid  and  trans- 
formed into  the  hydatid  cyst. 

The  cyst  having  reached  tbe  size  of  about  a  pigeon's  egg,  the 
development  of  the  scolices  commences.  A  little  bud-like  offshoot  is 
seen  upon  the  interior  of  tbe  endocyst.  It  becomes  hollow,  and  its 
wall  divided  into  two  layers  as  in  the  parent  cyst.  There  is  this 
difference,  however,  as  regards  tbe  relative  position  of  the  two  layers, 
namely,  that  they  appear  to  be  inverted,  the  endocyst  external,  tbe 
ectocyst  internal  The  scolices  then  show  themselves  again  in  the 
form  of  minute  buds  upon  tbe  endocyst,  which  in  course  of  time  are 
evolved  into  tbe  bead  of  tbe  future  parasite.  Although  in  reality  on 
tbe  outside  of  the  brood-capsule,  they  may,  owing  to  tbe  capsule 
having  undergone  invagination,  appear  to  be  on  the  inside.  The 
brood-capsules  may  accumulate  to  such  an  extent  as  nearly  to  fiU  Uie 
cavity. 

If,  again,  tbe  scolices  are  devoured  by  a  carnivorous  animal  such  as 
tbe  dog  or  wolf,  they  become  mature  in  its  intestine. 

Species. — From  Cobbold's  researches  (No.  663,  p.  261)  it  would 
appear  tbat  tbe  many  species  of  echinococcus  described  are  all  the 
larval  conditions  of  tbe  little  Taenia  echinococcus. 

Danglers. — The  cyst  grows  to  such  an  extent  that  it  affects 
neighbouring  parts  injuriously  by  pressure.  In  Man  tbe  seat  of  it  is 
generally  the  liver,  whence  it  may  press  upwards  into  tbe  diaphragm, 
and  ultimately  rupture  into  tbe  pleural  cavity.     Tbe  escaped  contents 
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excite  pleurisy  so  severe  that  it  often  proves  fatal.  In  other  situations 
such  as  the  brain  or  in  bone  the  hydatid  may  die  and  the  sac  dry  up 
into  a  cheesy  mass,  in  which,  however,  booklets  may,  even  after  long, 
be  detected.     Sometimes  the  rupture  takes  place  into  the  peritoneum. 

Literature  on  Hydatid  Dieease.SaXdiag :  Hydatid  Disease  of  Liver,  1880. 
B^bie  (in  Liver) :  Syst.  Med.  Reynolds,  iii.  Berg^er :  Berl.  klin.  Wochnschr., 
viii.  1871,  p.  25.  Bird :  On  Hydatids  of  the  Lung,  1877.  Boilin£:er  (Multiple 
Hydatids) :  Sitzungsb.  d.  Gesellsch.  f.  Morphol.  u.  Physiol.  Miinchen,  1885,  i.  p.  19. 
Bramwell  (in  Liver) :  £din.  Med.  Joum.,  xxi.  1875,  p.  515.  Bumke  (in  Liver) : 
Berl.  klin.  Wochnschr.,  xx.  1888,  p.  64.  Curnow  (in  Lung) :  Trans.  Path.  Soc., 
xxxiv.  1882-83,  p.  24.  Demars :  Des  kystes  hydatioues  du  foie,  1888.  Gairdner 
(in  Lung) :  Edin.  Med.  Joum.,  1856-57,  ii.  p.  681.  Greenfield  (in  Lung) :  Trans. 
Clin.  Soc.,  X.  1877,  p.  103.  Hartwi|^:  Zur  Casuistik  d.  primdren  Lungcnechino- 
coccus,  1883.  Heam :  Kystes  hydatiques  du  ponmon  et  de  la  plevre,  1875.  Kidd 
(Fatal  Hsemoptysis  from) :  Trans.  Path.  Soc.  Lond.,  xxxvi.  1884-85,  p.  122.  Loevy  : 
Beitrage  z.  Casuistik  d.  Lungen-Echinococcen,  1885.  Murchison  (in  Liver) :  Lancet, 
1868,  ii.  p.  75.    Vierordt:  Abhandlung  iib.  d.  multilocularen  Echinococcus,  1886." 

Arthropoda. 

Arachnida 

1156.  These  are  mostly  ectozoa.     There  is  only  one,  pentastoma, 
which  (in  its  larval  state)  occupies  deeper  parts. 


Acarus  Scabiei  (the  Itch  Mite). 

The  male  is  only  about 
half  the  size  of  the  female,  and 
lives  either  on  the  surface  of 
the  skin  or  burrows  quite  super- 
ficially into  the  epidermis. 


The  female  is  from 


T^TT 


to 


^  inch  in  length  and  y^  to 
^  inch  broad.  There  are  four 
pairs  of  legs,  and  the  foremost 
of  the  two  posterior  pairs  in 
the  male,  and  both  posterior 
limbs  in  the  female,  terminate 
in  a  long  bristle.  Each  of  the 
two  posterior  in  the  male  pos- 
sesses a  disc. 

The  female  burrows  deeply 
in  the  epidermis,  and  excavates 
tunnels  or  burrows  (cuniculi) 
therein.  Within  these  she  de- 
posits her  eggs  in  linear  series. 
In  doing  so  she  irritates  the  ^*°-  «i9.— acarus  scabiei  (Male)— ventral  aspect 
skin  and  causes  considerable  (after  Kapoai). 

inflammation,  ending  in  the  formation  of  papules  and  vesicles.     It 
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is  said  that  she  secretes  a  poisonous  substance  which  is  the  cause 
of  the  inflammation,  but  a  good  deal  is  also  no  doubt  due  to  the 
individual  scratching  the  part  It  is  said  that  there  is  hardly  any 
skin  disease  which  may  not  be  simulated  by  the  itch  eruption. 
The  flexor  aspects  of  the  arms  and  the  interdigital  skin  of  the  fingers 
are  the  commonest  seats  of  invasion,  but  in  some  cases  there  is  hardly 
a  part  of  the  surface  which  can  be  said  to  be  free  from  it     The 


Fio.  620.— AcARiTs  ScABiEi  (Female)  containing  Ova— Ventricular  Aspect 
(aft«r  Kaposi). 

creature  is  a  true  parasite  ;  it  dies  when  separated  from  its  habitat  in 
the  skin.  The  lower  animals  are  also  subject  to  the  ravages  of  this  or 
an  allied  species  of  acarus. 


Leptm  Autumnalis  (the  Harvest  Bug). 

This    is  a  minute    spider -like    creature    of   a    red    colour  living 
naturally    upon   herbage.       It   burrows   into   exposed   parts   of  the 
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epidermis,  and  occasions  great  irritation,  often  ending  in  suppuration. 


Fio.  621.— TtrxNEL-LiKE  Burrow  of  the  Acarus  Scabiei  in  the  Epidermis,  showing 
THE  Female  with  its  Ventral  Aspect  exposed. 

A  ripe  ovum  is  noticed  in  its  interior,  and  behind  it  are  twelve  ova  and  twelve  ovicapsules. 
The  black  particles  are  excrement  (after  Kaposi). 

It  does  not  procreate  in  the  animal  body,  and  hence  can  hardly  be 
regarded  as  a  true  parasite. 
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Acarus  (Demodex)  Follicidorum. 

The  head  resembles  that  of  a  true  acarus.  It  has  four  short  legs 
and  a  long  abdomen.  It  is  said  to  occupy  the  sebaceous  glands  in 
acne  of  Man,  but  the  frequency  of  its  occur- 
rence within  them  has  apparently  been  a  good 
deal  exaggerated.  It  is  the  cause  of  one  of 
the  commonest  forms  of  mange  in  the  dog. 
The  ova  are  deposited  in  the  skin.  Their 
destruction  is  a  matter  of  great  difficulty. 


Peniastoma  Tsemides  seu  Deniicvlaium. 

Sharply  circumscribed  yellow  tumours  are 
sometimes  met  with  protruding  from  the  sur- 
face of  the  liver,  or  embedded  in  its  substance, 
Pio.  622.— LEPTU8  AuTDMKALia  and  sometimes  scattered  diffusely   over  the 
(Harvest  bdo)  [after  Kuchen-  peritoneum  of  old  people.    They  have  a  tough 
™*  ^  capsule  and  cheesy  or  calcareous  contents,  and 

vary  in  size  from  a  millet  seed  to  a  pea.     They  contain  the  larval 
phase  of  the  above  parasite. 

The  larva  possesses  a  rounded  body  with 
annular  rings,  almost  like  those  of  a  tsenia, 
amounting,  it  may  be,  to  ninety  in  niunber.  It 
is  provided  with  four  booklets  arranged  round 
the  mouth,  each  provided  with  a  chitinous  hood 
into  which  it  can  be  retracted. 

The  mature  parasite  is  of  a  lancet  shape,  the 
female  from  60  to  85  mm.,  the  male  from  16  to 
18  mm.  long,  and  about  3  mm.  broad.  It  lives 
in  the  frontal  sinuses  and  nares  of  the  dog  where  v^-u 

the  ova  are  ejected.     It  is  occasionally  parasitical  Y^^ 

in  the  nostril  of  Man. 


Imeda, 

1157.  The  most  important  members  of  this 
group  are  the  lice  or  pediculL  P.  capitis  or  the 
head  louse,  P.  vestimentonim  or  the  body 
louse,  and  P.  pubis  or  crab  louse,  are  the  three 
varieties  which  are  parasitical  on  Man.  Their  pio.  ess.— ddcodkx  fol- 
ova  are  cemented  on  to  the  hairs,  and  are  detached 
consequently  with  difficulty. 

Cimex  lectularius  is  the  ordinary  bed  bug ;  Pulex  irritans 
the  common  flea ;  while  Pulex  penetrans  is  the  name  given  to  the 
sand-flea  or  chigoe  of  North  and  South  America. 


LicuLOBUM  (after  Ferls ;  x 
800  DiAXS.) 
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General  Literature  on  Anibial  Parasites. 

Allen  (Parasitic  HsBmaturia) :  Practitioner,  xl.  1888,  p.  310.  Clarke  (Psoro- 
sperms  in  Adenoma  of  Gat's  Lip) :  Brit  Med.  Joum.,  1898,  i.  p.  951.  Cobbold 
(Ololanosis  of  Gats) :  Veterinarian,  Iviii  1885,  p.  526.  Del^pine  (Psorospennise  in 
Liver):  Brit  Med.  Joum.,  1889,  ii  jp.  1893.  Freeman  (Psorospenniae) :  Proc. 
N.  Y.  Path.  Soc.  (1889),  1890,  p.  93.  (Calloway  (Influence  of  Protozoa  in  Disease) : 
Brit  Med.  Joum.,  1892,  ii  p.  1483.  Harrison  (Bilharzia) :  Lancet,  1889,  ii  p. 
163.  Hertz :  GycL  Praot  Med.  (v.  Ziemssen),  v.  1875,  p.  462.  Kartulis  (Patho- 
genic Protozoa) :  Ztschr.  f.  Hyg.  n.  Infectionskrank.,  xiii.  1898,  p.  1.  Klein  (Rela- 
tion of  Russell's  Fuchsin  Bodies  to  Altmann's  Gell  Granules) :  Beitr.  zu  path.  Anat. 
u.  z.  all^.  Path.,  xL  1891,  p.  125.  Lutz  (Amoeba-Enteritis) :  GentralbL  f.  Bakteriol. 
u.  Parasitenkrankh.,  x.  1891,  p.  241.  Merk  (Psorospermosis) :  Mitth.  d.  Yer.  d. 
.£rzte  in  Steiermark,  xxx.  1893,  p.  161.  Naaae  (Amoeba  in  Hepatic  Abscess) : 
Arch.  f.  klin.  Ghir.,  xliiL  1892,  p.  40.  Pfeiffer  (Gregarinidae) :  Ztschr.  f.  Hyg., 
viiL  1890,  p.  809  ;  also,  Die  Protbzoen  als  Krankheitserreger,  1890 ;  also,  BeitHige 
zur  Protozoen-Forschim||;,  1  Hft.  Die  Goccidien-Erankheit  der  Eaninchen,  1892. 
Posner  (Amoeba  in  Unne) :  BerL  klin.  Wochnschr.,  xxx.  1893,  p.  674.  Power 
(Production  of  Gancer) :  Joum.  Path,  and  Bacteriol.,  i.  1892-93,  p.  495.  Ranke : 
Pulm.  entozoio  Disease  of  Sheep,  Trans.  Path.  Soc.  Lond.,  ix.  1857-58,  p.  456. 
Rosenbere  (Psorospermia  in  Muscle  of  Heart) :   Ztschr.  t  Hyg.,  xi.  1891-92, 

J.  435.  RuiSer  and  Plimmer  (Further  Researches  upon  Protozoa  of  Gancer): 
oura.  Path,  and  Bacteriol.,  i.  1892-93,  p.  895  ;  also,  Reprint  Steven  and 
Brown  (Parasitic  Protozoa  of  Gancer):  Joum.  Path,  and  Bacteriol.,  Oct  1898; 
eUsOf  Reprint  Sutton  (Psorospermise  in  Ureter) :  Brit.  Med.  Joum.,  1889,  ii.  p. 
1892.  Touton  (Russel's  Fuchsin  Bodies  and  Goldmann's  Spherical  Gells) :  Arch, 
f.  path.  Anat,  cxxxii.  1893,  p.  427.  Willach  (Nature  of  Goooidia) :  Arch.  f. 
wissensch.  u.  prakt  Thierh.,  xviiL  1892,  p.  242. 


PAKT  V 

ANIMAL  HEAT  AND  FEVER 


CHAPTER  XCVm 
ANIMAL  HEAT  AND  FEVER 

1158.  Although  researches  upon  the  subject  of  animal  heat  in 
reality  commenced  with  Lavoisier,  we  are  even  yet  far  from  having  a 
satisfactory  understanding  of  the  matter.  More  especially  is  this  the 
case  in  the  domain  of  fever.  For  as  most  fevers  are  caused  directly 
or  indirectly  by  the  presence  of  parasitical  microbes,  it  can  be  readily 
understood  that  many  new  fields  of  research  in  pyretology  have  been 
opened  up  by  our  increasing  knowledge  of  their  habits  and  pathogenic 
properties. 

Facts  like  that  of  the  glycerine  extracts  of  tubercle  and  glanders 
cultures  exerting  such  a  profound  and  specific  influence  over  the  heat- 
producing  and  other  metabolisms  of  the  tubercular  or  glandered 
animal,  and  not  over  those  of  the  same  animal  in  health,  are  them- 
selves suggestive  of  fresh  inquiry. 

We  inject  a  quantity  of  putrid  liquid  into  the  circulation  of  an 
animal;  the  animal  is  thrown  into  a  state  of  fever  and  may  die. 
Still  we  have  little  idea  of  how  the  putrid  agent  excites  the  fever, 
whether  it  acts  by  suppressing  the  normal  excretions  and  causing  a 
poison  to  be  retained  which  stimulates  the  heat-regulating  mechanism, 
or  whether  it  contains  something  which  of  itself  influences  the 
thermal  areas  in  the  brain  and  lower  nerve  centres,  or,  mayhap,  has  a 
direct  action  upon  the  heat-generating  tissues  themselves. 

These  and  other  such  like  speculations  must  open  up  to  the 
reflective  mind  lines  of  investigation  as  yet  practically  untouched,  and 
which  until  followed  out  must  render  the  subject  of  the  pathology  of 
fever  always  more  or  less  unsatisfactory. 

The  Normal  Temperature  of  Man  and  other  Animals. 

1159.  Animal  life  is  capable  of  existing  only  between  the  tempera- 
tures of  0°  C.  and  45°  C.  The  lowest  temperature  at  which  Man  can 
survive  is  24°  (Reinke),  the  highest  between  44°  and  45°  C.     Wunder- 
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lich  records  a  reading  of  a  temperature  of  ^i'TS"*  C.  (11 2 "55°  F.)  in 
an  individual  suffering  from  tetanus,  but  this  is  quite  phenomenal, 
and  the  person  died  shortly  afterwards.  Instances  of  temperatures 
recorded  as  above  this  are  to  be  regarded  with  suspicion,  as  due  to 
error  in  the  observer  or  to  deception  on  the  part  of  the  observed. 

There  is  a  certain,  although  not  very  great,  discrepancy  in  the 
readings  given  of  the  average  rectal  temperature  of  Man.  Thus, 
according  to  Richet  (No.  657,  p.  64) — 


Jiirgensen  makes  it 

ST-T**  C. 

Wunderlich 

37-35  „ 

Jager 

3713  „ 

Oertmann   . 

3719  „ 

Redard 

37-65  „ 

The  discrepancy  may,  however,  be  accounted  for  by  the  ^act  that  the 
quotidian  temperature  varies  at  different  times. 

The  average  temperature  in  the  axilla  is  36*99°  C.  (practically 
37°  C.  or  98*6''  F.).  It  is  much  higher  than  cutaneous  temperatures, 
from  the  fact  that,  as  usually  taken,  the  reading  does  not  represent  the 
temperature  of  the  surface,  but  of  the  textures  an  inch  or  so  below  the 
skin. 

The  cutaneous  temperatures,  as  ascertained  by  J.  Davy  (No. 
321),  are  as  follows.  The  observations  were  made  on  himself  while 
standing  naked  with  the  temperature  of  the  room  at  21*"  C.  He  found 
that  of  the  skin  to  be  as  follows.  Only  the  under  surface  of  the  ther- 
mometer was  allowed  to  touch  the  skin. 


Middle  of  the  sole  of  the  foot 

32-26°  C. 

Near  tendo  Achillis 

33-85  „ 

Anterior  surface  of  leg 

33-05  „ 

Middle  of  calf 

33-85  „ 

Bend  of  knee 

35-00  „ 

Middle  of  upper  arm 

34-40  „ 

Inguinal  fold 

35-80  „ 

Near  cardiac  impulse 

34-40  „ 

The  temperature  of  the  mouth  under  the  tongue  is  from  37°  to 
37-7°  C.  (Gassot),  that  of  the  vagina  38*3*'  C.  The  internal  tempera- 
ture of  the  body  may  be  readily  taken  by  micturating  over  the 
thermometer  bulb.  The  temperature  of  the  urine  is  that  of  internal 
parts  (about  37°  C). 

The  mean  temperature  of  the  blood  is  about  39"^  C.  The  blood 
of  the  light  side  of  the  hmrt  is  warmer  than  that  of  the  left  side,  a  fact 
said  to  be  explained  in  part  by  the  high  temperature  of  the  hver 
(41-25"^  G.  in  the  sheep).  The  blood  of  the  hepatic  vein  comes  up  to 
39*7''  G.  Although  the  temperature  of  the  blood  on  the  venous  side  of 
the  heart  is  higher  than  that  on  the  arterial,  the  same  does  not  hold 
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good  for  the  venous  blood  in  peripheral  parts,  the  temperature  of 
which  is  lower  than  the  arterial. 

The  temperature  of  the  tissues  rises  in  accordance  with  the 
activity  of  the  metabolism  going  on  in  them,  the  quantity  of  blood  they 
contain,  and  the  distance  they  lie  from  exposed  parts.  It  is  pretty 
universally  conceded  that  the  brain  is  the  warmest  organ  in  the  body. 
In  the  child,  up  to  nine  years,  the  mean  temperature  is  somewhat 
higher  than  in  the  adult,  and  the  newly-born  child  is  wanner  than  the 
vagina  of  the  mother. 

The  temperature  of  the  horse,  donkey,  and  ox  is  37*5°  C.  to 
38°  C,  of  the  sheep  and  rabbit  38°  to  39*5°  C,  and  of  the  mouse 
40°  C.  (Munk).  Birds,  it  should  be  remembered,  have  a  relatively 
high  temperature,  that  of  the  common  fowl  and  pigeon  being  42°  C. 
The  temperature  of  fishes,  like  that  of  other  cold-blooded  animals, 
varies  with  the  temperature  of  the  medium  in  which  they  are  immersed, 
but  is  usually  about  -05°  to  '1°  C.  above  that  of  the  water. 
Amphibians  (the  frog)  have  a  temperature  usually  about  1°  C.  above 
that  of  the  surrounding  medium,  and  reptiles  from  1°  to  4°  C.  above 
the  temperatiu-e  of  the  air  {M*Kendrick,  No.  32,  ii.  p.  438). 

Diurnal  Variation. — The  temperature  of  the  body  as  measured 
in  the  rectum  or  axilla  is  not  the  same  at  every  period  of  the  day. 
There  comes  a  rise  with  the  afternoon  hours,  and  a  fall  again  up  to  the 
early  hours  of  the  morning.  It  appears  to  be  highest  between  the 
hours  of  three  and  six  in  the  afternoon  (37*5°  C,  Jiirgensen),  and 
lowest  (36*7°  C.)  between  three  and  five  o'clock  in  the  morning 
(Jiirgensen,  Liebermeister,  Richet).  The  Tnean  diurnal  temperature 
is  therefore,  under  ordinary  circumstances,  higher  than  the  nocturnal ; 
ther6  is  a  difference  of  something  like  '4°  C.  It  may  happen,  however, 
that  this  relationship  is  reversed,  and  mostly  so  in  those  who  work 
during  the  night  instead  of  during  the  day  (Richet). 

The  elevation  of  temperature  in  the  afternoon  is  said  to  be  due  to 
the  inception  of  nourishment  and  to  muscular  exercise.  But  the 
falling  off  in  the  evening  ensues  in  spite  of  the  principal  meal  of  the 
day  being  taken  at  this  time.  In  fever,  moreover,  notwithstanding 
that  the  individual  is  on  fever  diet  and  lying  in  bed,  the  same  rise  in 
the  afternoon  is  invariably  noticed.  Hence  objection  has  been  taken 
to  the  theory  of  extraneous  circumstances  being  the  cause  of  it. 

According  to  Richet  (No.  657),  it  cannot  be  due  entirely  to  diet, 
although  to  a  certain  extent  it  is  influenced  by  it.  He  traces  it  rather 
to  the  nervous  system  being  at  this  time  of  the  day  in  full  functional 
activity. 

A  remarkable  fact,  as  brought  out  by  Jiirgensen's  researches,  is 
that  the  mean  temperature  of  the  human  body  in  the  twenty-four 
hours  is  remarkably  independent  of  conditions  which  temporarily  affect 
it  Thus,  if  from  any  cause  the  temperature  be  suddenly  raised,  the 
excess  of  temperature  is  compensated  for,  as  it  were,  by  a  corresponding 
fall.  This  fact  has  been  taken  advantage  of  by  Liebermeister  in 
VOL.  II  4  a 
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accounting  for  the  natural  fall  which  takes  place  in  the  evening  after 
the  rise  in  the  afternoon.     It  is  a  compensatory  measure. 

Influence  of  Temperature  of  Surroundings  on  that  of  the  Body. 

From  a  temperature  point  of  view  there  may  be  said  to  be  two 
kinds  of  beings,  namely,  (1)  those  whose  temperature  varies  with  the 
surroundings;  (2)  those  whose  temperature  is  practically  constant 
whatever  the  external  temperature  may  be.  The  former  are  known  as 
cold-blooded  or  poikilothermal  animals.  Their  combustion  is  low,  and 
they  are  devoid  of  the  power  of  regulating  it  according  to  circum- 
stances. Hence  they  perish  if  the  temperatiure  of  the  ambient  medium 
differs  much  from  that  of  their  bodies.  The  latter  are  known  as 
warm-blooded  or  homoiothermal  animals.  They  are  provided  with  a 
heat-regulating  nerve  mechanism,  as  yet,  however,  not  well  understood. 

The  peripheral  temperature  of  the  warm-blooded  animal  changes 
only  slightly  in  accordance  with  that  of  the  surroundings.  TTie 
temperature  of  internal  parts  does  so  also,  but  even  to  a  less  extent 
So  that  if  the  buccal  temperature  varies  2*5°  C.  owing  to  change 
in  the  temperature  of  the  surroundings,  that  of  the  rectum  varies  not 
quite  r  C.  (Richet,  No.  657,  p  104). 

And  even  these  variations,  due  to  the  temperature  of  the  envelop- 
ing medium,  are  not  durable.  In  passing  from  a  cold  to  a  warm 
district  the  temperature  may  rise  for  the  time  being,  but  soon  comes 
back  to  the  normal  Travellers  from  England  to  India  experience  at 
first  a  rise  of  temperature  to  38°  C,  but  before  long  it  returns  to  the 
normal.  It  is  no  doubt  possible  to  survive  a  body  temperature  of 
43°  C.  or  a  little  above  it  In  hot  countries,  however,  the  tempera- 
ture of  the  atmosphere  may  come  up  to  50°,  60°,  or  even  80°  C,  and 
yet  the  temperature  of  the  body  in  those  acclimatised  to  it  not  reach 
beyond  the  normal. 

The  same  high  temperature  cannot  be  borne  in  a  moist  as  in  a  dry 
atmosphere.  The  reason  is  that,  in  the  moist  atmosphere,  transpira- 
tion does  not  go  on  so  freely  as  in  the  dry,  and  hence  the  body  cannot 
relieve  itself  of  its  extra  heat  through  this  channel. 

Sources  of  Animal  Heat. 

They  are  chiefly  the  combustion  or  oxidation  of  the  carbon, 
hydrogen,  and  other  elements  of  the  body  within  the  tissues.  Indeed, 
most  of  the  chemical  interchanges  occiu'ring  in  the  body  are  accom- 
panied by  the  evolution  of  heat  The  performance  of  mechanical 
work,  of  intellectual  work,  and  the  act  of  secretion  from  glands  are  all 
accompanied  by  the  liberation  of  heat.  Electrical  currents  in  muscles 
are  transformed  into  heat,  and  there  are  several  minor  sources  from 
which  it  is  also  derived. 
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Damlewsky  and  Rabner  (No.  49,  1885,  i.  p.  190)  give  the  following  combustion 
equivalents  of  various  articles  of  diet.  For  1  of  dry  substance  they  find  the  follow- 
ing equivalent  in  calories  : — ^ 

Casein  and  blood-fibrin    .....        5772-5855  (D) 

Vegetable  fibrin 

Albumin  . 

Muscle 

Hsemoglobin 

Peptone    . 

Fat  ....  .  9423  (R) 

Cow*8  milk 

Bread 

Rice 

Peas 

It  would  thus  appear  that  in  the  process  of  hydration  necessary  to  convert  albumin 
into  peptone  it  loses  from  16  to  18  per  cent  of  heat-producing  power. 

They  have  also  calculated  the  heat  equivalents  of  the  various  excreta,  which  they 
find  to  be  as  follows  : — 


6231 

(D) 

5764 

(R) 

5345 

(R) 

5949 

(R) 

4900 

(D) 

.)    9686 

(D) 

6733 

(D) 

4351-4471 

(D) 

4806 

(D) 

4889 

(D) 

Urea  .... 
Albuminous  urine 
Urine  from  meat  diet 
Starvation  urine 

Fsecal  matter  from  albuminous  diet 
„  „        ,,     meat  „ 


2523  (R)  2200  (D) 
2706  (R) 

2954  (R) 

3101  (R) 

6722  (R) 

4850  (R) 

Deducting  the  heat  lost  in  the  excreta,  etc,  Rubner  finds  the  percentage  utilis- 
able  heat  of  articles  of  diet  to  be  as  follows  : — 


Albumin  .... 
Muscle  .  .  .  . 
Materials  utilised  during  starvation 
Fat 


78-6 
79-9 
71-9 
100 


According  to  Danilewsky,  100  grm.  casein  is  equivalent  in  heat-producing  power 
to  51  grm.  fat,  133  grm.  starch,  151  grm.  grape-sugar,  or  121  grm.  peptone. 

Alcohol  does  not  cause  increase,  but,  on  the  contrary,  decrease  of  the  body 
temperature.  This  result  is  accounted  for  probably  by  its  expanding  the  super- 
ficial vessels,  and  thus  allowing  increased  radiation  from  the  skin.  Whether  taken 
in  by  the  stomach  or  injected  into  the  blood,  it  is,  according  to  Wolfers  (No.  169, 
xxxii.  1883,  p.  222),  partially  oxidised  within  the  organism.  The  consumpt  of 
oxygen  is  markedly  augmented,  and  so  is  the  quantity  of  expired. carbonic  acid. 
Alcohol,  however,  does  not  interfere  with  the  general  processes  of  oxidation,  the 
lowering  of  the  temperature  being  due,  not  to  lessened  oxidation,  but  to  the  heat 
parted  with  being  greater  than  the  excess  formed  under  its  sway. 


The  Localities  in  which  Heat  is  generated. 

1 1 60.  Although,  as  above  indicated,  wherever  oxidation  is  proceed- 
ing heat  is  being  liberated,  yet  the  muscles  must  be  regarded  as  the 

^  By  a  kilogramme-unit  or  calorie  of  heat  is  meant  the  amount  necessary  to  raise  the 
temperature  of  a  kilogramme  of  water  1"  C,  or,  strictly  speaking,  from  16"  to  16**  C.  The 
symbol  Ca  is  employed  to  indicate  it.  A  small  calorie  means  the  j^jVir  part  of  a  Ca,  or 
the  heat  required  to  raise  1  grm.  of  water  1**  C. 
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great  seat  of  its  generation  (Samuel).  Constituting  as  they  do  some- 
thing like  half  the  bulk  of  the  body,  there  is  ample  scope  within  their 
substance  for  the  generation  of  by  far  the  greater  part  of  the  entire 
animal  heat.  We  regulate  our  temperature  by  means  of  the  muscles. 
When  cold  we  cause  them  to  contract,  when  warm  we  allow  them  to 
remain  relaxed.  In  tetanus  the  temperature  rises  when  the  muscles 
are  in  a  state  of  spasm,  and  again  falls  when  the  spasm  is  relieved  by 
the  administration  of  chloral. 

How  it  is  that  the  heat  is  produced  within  the  muscle  is  a  difficult 
problem  to  solve.  Liebig's  notion  was  that  the  muscles  themselves 
were  burned,  and  that  heat  was  generated  therefrouL  Possibly,  where 
the  available  supply  of  nourishment  is  small,  as  in  a  person  on  fever 
diet,  this  is  so.  But  when  the  blood  is  rich  in  proteids  and  hydro- 
carbons the  conditions  are  altered.  Is  the  proteid  matter  supplied 
to  a  muscle  by  the  blood  first  converted  into  muscle  before  it  is 
oxidised  ?  Or  does  it  undergo  combustion  simply  within  the  muscle 
substance  independently  of  being  transformed  into  myosin  f  And  if  it 
is  the  case  that  the  muscle  is  actually  consumed,  and  that  this  is  the 
great  source  of  heat  in  the  body,  where  does  the  oxidation  of  the 
hydrocarbons  and  carbohydrates  of  the  food  take  place  ?  All  this  is 
as  yet  uncertain.  Our  knowledge  of  what  happens  to  the  various  food 
elements  practically  ceases  the  moment  they  enter  the  blood. J^i 

Mosso  (rep.  by  Ricbet,  No.  657)  has  made  some  precise  observations  on  the  effect 
of  mnscular  exercise  on  temperature.  He  first  of  all  measured  his  rectal  temperature 
at  different  hours  of  the  day.     The  readings  were  ut 

6  o'clock  in  the  morning  ......         36 'iS'  C. 


10     „ 

Noon 

2  o'clock  in  the  afternoon 

4       >>        >»  it  • 


36-98' 

37 -oe^ 

36-93'* 
37 -SS' 
37  •07* 
37-8' 
37  14' 


During  a  walk  of  100  kilometres  in  two  days  he  found  that  the  following  were  hia 
temperatures,  the  temperature  of  the  atmosphere  being  from  12'  to  19'  C. 

First  day  of 

walk. 

36*3' 


Second  day 
of  walk. 


6  o'clock  in  the  morning 

8       „ 

10     „ 

Noon 

2  o'clock 

4       ,, 

6       „ 

8       „      (reposed) 


37-8' 

37-65' 

87-8' 

37-5' 

37-8' 

38-2' 

37-8' 


36-r 
38-2' 

38-r 

38-3' 
88-4' 
38-5'* 

88-8' 
88-4' 


It  is  evident  that  this  comparatively  slight  elevation  of  tempem- 
ture  is  not  in  keeping  with  the  great  amount  of  work  done.     According 
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to  Mosso,  it  is  not  the  musculature  but  the  nervous  system  which 
produces  hyperthermia.  Still  it  is  to  be  borne  in  mind  that  the  mere 
temperature  of  the  body  is  not  necessarily  a  correct  index  of  caloiificaiion. 
During  violent  exercise,  such  as  that  indicated  in  the  above  experi- 
ments, the  loss  of  heat  by  radiation,  sweating,  etc.,  must  have  been 
great. 

Although  the  heat  produced  by  a  muscle  and  the  work  done  by  it 
are  in  close  relationship,  yet  in  some  respects  the  heat-producing  and 
the  contracting  mechanisms  may  be  looked  upon  as  in  a  manner 
separate  and  distinct.  According  to  Macalister  (No.  6,  1887,  i  p. 
609),  the  effect  of  stimulating  a  muscle  is  twofold.  On  the  one  hand, 
the  phenomena  are  explosive,  as  manifested  in  the  change  of  form  and 
performance  of  mechanical  work  ; '  on  the  other  hand,  they  are  more 
continuous  and  manifest  themselves  by  increased  development  of  heat 
Each  process  has  its  own  laws  and  is  independent  of  the  other.  The 
heat  is  not  to  be  regarded  as  a  thermo-dynamic  waste  product,  an 
excretion  of  no  greater  dignity  than  urea  or  carbonic  acid.  The  ther- 
mogenic stuff,  as  it  were,  is  different  from  the  contractile  stuff.  The 
muscle  gets  fatigued  as  a  heat-producer  long  before  it  gives  in  as  a 
work-producer. 


Maintenance  of  Equilibrium  of  Temperature. 

1161.  This  is  effected  by  the  adjustment  of  heat  production  and 
heat  dissipation.  If  the  heat  production  be  too  great,  it  can  be  lessened 
either  by  partial  inhibition,  or  by  increased  escape  of  the  superfluous 
heat  from  the  surface  of  the  body,  from  the  lungs,  or  from  both.  The 
skin,  no  doubt,  is  the  great  safety-valve  in  preventing  overheating  of 
the  body.  Heat  escapes  through  it  either  by  being  led  off  through 
the  intermediation  of  space,  that  is  to  say,  by  radiation,  or  by  passing 
from  particle  to  particle,  that  is  to  say,  by  conduction.  When  the 
internal  temperature  rises  abnormally  the  cutaneous  vessels  become 
relaxed,  and  from  them  an  increased  quantity  of  heat  escapes  into 
the  surrounding  atmosphere.  If,  on  the  contrary,  the  heat  production 
of  the  body  be  slight  and  the  surroundings  cold,  the  cutaneous  vessels 
contract  and  the  loss  of  heat  by  radiation  is  lessened. 

If  both  cervical  sympathetics  are  divided,  so  great  does  the  radiation 
of  heat  from  the  relaxed  cutaneous  blood-vessels  become  that  the 
temperature  of  the  body  may  fall  a  couple  of  degrees  (Cohnheim).  It 
returns  to  normal  when  the  vessels  regain  their  tone.  Drunken  men 
cool  more  easily  than  those  who  are  sober,  owing  to  the  relaxation  of 
their  cutaneous  vessels. 

Varnished  animals  die  from  the  fall  that  takes  place  in  their  tem- 
perature. The  cutaneous  vessels  dilate  and  the  varnish  acts  as  a  good 
conductor.     The  internal  temperature  consequently  sinks. 

The  sudden  contact  of  cold  air  with  the  surface  of  the  body,  on  the 
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other  hand,  may  cause  the  internal  temperature  to  rise  from  1  to  2 
degrees. 

Part  of  the  extra  heat  is  also  dissipated  in  the  sweat  and  in  the 
various  excreta. 

Something  like  80  per  cent  of  heat  of  the  body  is  lost  through 
radiation,  conduction,  and  evaporation,  and  of  this  about  60  per  cent 
is  dissipated  by  radiation  alone.  Less  than  20  per  cent  escapes 
through  the  organs  of  respiration. 

Eadiation  is  more  intense  where  metabolism  is  most  active,  in  men 
than  in  women,  in  boys  than  in  girls,  in  young  rather  than  in  old 
people,  and  in  the  robust  rather  than  in  the  weakly. 

Where  the  accommodating  thermic  system  is  unable  to  cope  with 
the  heat  of  the  surrounding  atmosphere,  the  temperature  rises  inordi- 
nately (42^-44^  C),  and  gives  rise  to  the  phenomena  known  as  heat- 
stroke,  sun-stroke,  or  insolation. 


Heat  Production  and  TempercUure, 

1 162.  From  what  has  just  been  remarked  about  the  maintenance  of 
a  heat  equilibrium  it  will  be  gathered  that  the  thermometer  is  no  index 
of  the  heat  actually  generated  in  the  system.  It  informs  us  merely 
of  the  mean  heat  or  temperature  of  the  body  resulting  from  the  gener- 
ating capacity  on  the  one  hand,  and  the  loss  through  various  channels 
on  the  other.  The  heat  production  is  greatest  sometimes  when  the 
temperature  is  lowest.  Methods  of  calorimetry  must  be  adopted  in 
order  to  ascertain  the  heat-forming  capacity  of  an  animal.  In  animals, 
numbers  of  such  observations  have  been  made,  but  oiu*  knowledge  of 
the  subject  in  Man  is  limited  owing  to  the  great  technical  difficulties 
of  the  investigation. 


Nervous  Mechanism  for  the  Regulation  of  Temperature. 

1163.  The  opinion  is  becoming  more  and  more  assured  that  the 
regulation  of  the  heat  of  the  body  is  largely  if  not  entirely  under  the 
control  of  the  nervous  system.  There  appear  to  be  areas  located  in 
the  spinal  cord,  in  the  medulla  oblongata,  in  the  pons  Varolii,  and  in 
the  cerebral  cortex  which  either  directly  or  through  the  vaso-motor 
nerves  regulate  the  greater  or  less  output  and  loss  of  the  heat  of  the 
body.  Hale-White  (No.  193,  xxxvi.  1886,  p.  4)  thinks  it  likely  that 
those  situated  in  the  cerebral  cortex  are  not  merely  musculo-vaso- 
motor  in  function,  but  are  genuinely  calorific.  Wood's  experiments 
(No.  659),  on  the  other  hand,  tend  to  show  that  a  great  deal  of  the 
control  is  exerted  through  the  vaso-motor  nerves.  Section  of  the 
spinal  cord  above  the  origin  of  the  splanchnic  nerves  is  usually 
followed  by  an  immediate  and  very  decided  increase  in  the  amoimt  of 
heat  dissipated  from  the  body,  and  also  by  a  decided  lessening  of  the 
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amount  of  heat  produced  (p.  45).  The  only  nerve  centre,  he  states 
(p.  254),  capable  of  influencing  the  heat  production  without  affecting 
the  general  circulation,  is  situated  in  the  pons  or  above  it,  and  whilst 
it  may  be  a  muscular  vaso-motor  centre,  it  is  more  probably  an  "  in- 
hibitory heat  centre."  Of  whichever  nature  it  may  be,  it  must  act 
through  subordinate  centres  situated  in  the  spinal  cord.  So  far  as  our 
present  knowledge  goes,  the  chief  factor  in  controlling  heat  dissipation 
is  the  vaso-motor  nerves,  including  in  Man  such  nerves  as  control 
sweat  secretion.  These  nerves  are  able,  by  contracting  the  capillaries 
of  the  surface  of  the  body,  and  by  drying  the  secretion  of  the  skin,  to 
reduce  the  loss  of  heat  to  a  minimum,  and  by  a  reverse  action  are 
capable  of  increasing  it  to  a  maximum. 

That  heat- controlling  centres  exist  has  been  demonstrated  experi- 
mentally on  animals  and  accidentally  in  Man.  In  the  brain  of  the 
rabbit  at  least  four  such  centres  have  been  found  which,  when  stimu- 
lated, occasion  increased  heat  production,  not  mere  rise  of  temperature. 
Two  lie  at  the  anterior  median  border  of  the  corpus  striatum,  one 
between  this  and  the  thalamus,  and  one,  it  is  said,  at  the  anterior  end 
of  the  thalamus.  Hale-White,  however  (No.  179,  xii.  1891,  p.  251), 
denies  that  the  body  of  the  thalamus  has  any  function  in  raising  the 
temperature,  while  he  afl&rms  that  in  addition  to  the  corpus  striatum 
this  function  is  resident  in  the  septum  lucidum.  Injury  of  the 
posterior  region  of  the  upper  surface  of  the  cerebral  cortex  in  the 
rabbit  may  cause  irregular  rises  in  temperature;  these  are  quickly 
produced  and  last  only  a  short  time.  Injury  of  the  crus  cerebri 
occasions  a  considerable  rise  of  temperature. 

Aronsohn  and  Sachs  (No.  169,  xxxvii.  1885,  pp.  232,  625)  have  used  various 
animals  as  subjects  for  experiment,  but  mainly  rabbits.  They  trepanned  the  skull  in 
the  angle  between  the  coronal  and  frontal  sutures.  The  operation  was  performed 
with  antiseptic  precautions.  A  needle  was  used  for  puncturing  the  brain.  The 
needle  encountered  in  its  course  (1)  the  cortex,  (2)  the  white  substance  of  the 
frontal  lobe,  (3)  the  mesial  side  of  the  head  of  the  corpus  striatum  in  the  vicinity 
of  Nothnagel's  nodus  cursorius,  and  (4)  the  basal  white  and  gray  matter.  The 
puncture  is  useless  unless  it  runs  through  (3)  and  (4).  It  must  strike  the  particular 
part  of  the  corpus  striatum  mentioned  under  (3).  The  maximimi  elevation  of  temper- 
ature occurs  in  from  two  to  seven  hours  after  puncture.  It  takes  from  twenty-four 
to  seventy-three  hours  when  the  punctui-e  affects  the  corpus  striatum  alone.  The 
elevation  of  temperature  is  accompanied  by  increased  frequency  of  pulse  and  respira- 
tion. Several  days  after  the  operation  the  temperature,  pulse,  and  respiration  are 
normal,  but  can  be  again  raised  by  a  fresh  puncture.  The  researches  seem  to  point 
to  the  possibility  of  a  nervous  fever  without  fermentation  or  chemical  interchange. 

Richet  (No.  40,  xcviii.  1885,  pp.  827,  1021  ;  cUsOy  No.  169,  xxxvii.  1885,  p.  624) 
found  that  when  the  frontal  region  of  the  brain  of  the  rabbit  is  punctured  with  a 
needle  so  as  to  avoid  the  basal  ganglia,  the  rectal  temperature  rises  several  degrees. 
The  rise  follows  after  several  hours  and  does  not  seem  to  injiu*e  the  animal.  It 
follows  also  after  cauterisation  of  the  brain.  He  satisfied  himself  that  the  elevation 
was  due  to  increased  production,  not  to  diminished  waste  of  heat.  Animals  in  which 
the  high  temperature  continues  for  days  eat  heartily,  but  in  spite  of  this,  become 
emaciated. 
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Hale- White,  however  (No.  179,  xii.  1891,  p.  252),  asserts  that  lesions  of  the 
anterior  part  of  the  upper  surface  of  the  cerebral  cortex  either  do  not  alter  the 
temperature  or  the  alteration  is  very  slight. 

In  the  dog,  severe  injury  of  certain  parts  of  the  cerebral  cortex, 
more  especially  just  posterior  to  the  crucial  sulcus,  is  accompanied  not 
merely  by  rise  of  temperature  but  by  increased  production  of  heat. 

Lesions  of  the  pons  in  Man  are  well  known  to  be  followed  by  high 
temperature. 

How  it  is  that  lesions  of  the  cerebral  cortex  induce  the  elevation 
of  temperature  is  not  settled.  Quite  possibly  the  centres  in  this 
locality  exert  a  controlling  influence  on  those  lower  down. 


Fexek. 

Definition, 

1164.  Our  knowledge  of  the  pathology  of  fever  is  as  yet  too 
limited  to  serve  as  a  basis  for  a  strict  definition  of  what  is  meant  by 
it.  Since  the  days  of  thermometry  it  has  been  the  custom  with  some 
physicians  to  call  any  rise  of  temperature  by  this  name :  in  fact,  to 
speak  of  so  many  degrees  of  fever  according  to  the  height  to  which  the 
mercury  in  the  thermometer  rises.  Such  was  certainly  not  the  original 
application  of  the  term.  To  the  older  physicians  the  term  fever  meant 
a  complex  of  symptoms  in  which,  although  the  subjective  feeling  of 
heat  was  certainly  one  of  the  most  prominent,  many  other  symptoms 
equally  remarkable  were  to  be  observed.  The  term,  moreover,  was 
usually  applied  to  a  condition  ushered  in  by  initial  symptoms  running 
a  definite  course  and  terminating  in  a  particular  way.  It  is  probable 
that  this  old-fashioned  view  may  yet  come  to  be  the  basis  of  our  future 
definition,  that  true  fevers  will  be  regarded  as  invariably  the  manifesta- 
tions of  processes  allied,  to,  if  not  identical  with,  fermentations,  and  that 
mere  elevation  of  temperature  and  true  fever  will  in  no  wise  be  con- 
founded as  at  present  they  often  are.  We  have  perhaps  no  more 
right  to  call  a  temporary  hyperpjrrexia  by  the  name  of  fever  than  we 
have  to  call  a  passing  increase  of  the  colourless  corpuscles  of  the  blood 
a  leucocythsemia.  Increase  in  the  number  of  leucocytes  is  character- 
istic both  of  leucocytosis  and  of  leucocythsemia,  yet  no  one  would 
think  at  the  present  day  of  confounding  these  two  conditions.  All 
the  length  we  can  go  at  present  in  the  way  of  defining  fever  is  in 
asserting  that  it  is  a  process  in  which  tissue  metabolism  is  excessive 
and  in  which  the  temperature  of  the  body  is  above  the  normal. 

Stages, 

There  are  three.     The  first  is   known  as  the  pjrrogenetic  or 
initial.     In  this  the  individual  experiences  usually  a  sensation  of  cold 
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accompanied  by  shivering.  Yet  the  temperature  is  above  the  normal 
and  is  rising.  It  is  accompanied  by  headache  and  other  signs  of  con- 
stitutional disturbance. 

The  second  is  the  stage  of  so-called  fastig^um  in  which  the  fever 
is  at  its  height,  and  in  which  the  loss  of  appetite,  headache,  and  general 
malaise  are  pronounced.  The  temperature  may  exhibit  certain  fluctu- 
ations, reaching  its  highest  point  on  several  occasions  and  showing  slight 
depression  in  the  interval.  The  skin  feels  hot  to  the  hand  of  the 
observer  laid  upon  it,  and  is  redder  than  usual.  The  feeling  of  heat  is 
due  chiefly  to  increased  radiation.  In  the  previous  stage,  while  the 
shivering  is  on,  the  sldn  is  blanched  and  feels  cold.  In  this,  the  red 
vascular  skin  acts  as  a  good  conductor,  better  than  the  blanched  white 
skin,  another  reason  for  its  feeling  hot  to  the  touch. 

The  third  stage  is  that  of  defebration  or  defervescence,  in 
which  the  body  heat  returns  to  the  normal  and  the  other  functions  re- 
assume  their  normal  type.  For  some  time  after  the  third  stage  the 
temperature  may  remain  subnormal. 

If  the  fever  symptoms  disappear  suddenly,  say  within  thirty-six 
hours,  the  fever  is  said  to  end  by  crisis.  If  the  temperature  comes 
down  more  gradually  and  the  other  symptoms  disappear  slowly,  it  is 
said  to  terminate  by  l3rsis.  The  ending  by  crisis  is  usually  accom- 
panied by  profuse  sweating,  and  by  the  copious  deposition  of  lithates 
from  the  urine. 

Temperature, 

Certain  terms  are  applied  to  the  fever  according  to  the  height  of 
the  temperatiu'e.  The  temperature  may  range  from  normal  up  to 
114°  F.  Wunderlich  adopts  the  following  classification  (Fagge,  No. 
660)  :— 

1.  Subfebrile,  temp.  99-5°-100-4^  F.  (37-5'-38''  C.) 

2.  Slightly  febrile,  temp.  lOO'^'^-lOl'S'  F.  (38''-38-5°  C.) 

3.  Moderately  febrile,  temp.  101-3*'-102-2°F.  in  morning;  101*3°- 
103-1°  F.  in  evening  {38-5°-39°  C.  in  morning;  38-5°-39"-5  C.  in 
evening). 

4.  Decidedly  febrile,  temp,  about  103*1°  F.  in  morning,  about 
104°  F.  in  evening  (39*5°  C.  in  morning,  40*5°  C.  in  evening). 

5.  Highly  febrile,  temp,  above  103*1°  F.  in  morning,  above  104*9° 
in  evening  (39*5°  C.  in  morning,  40*5°  C.  in  evening). 

6.  Hyperpyretic,  temp,  approaching  107*6°  or  even  higher  (42°  C.) 

The  cause  of  the  high  temperature  has  met  with  various  explana- 
tions from  time  to  time.  As  yet,  even  the  statements  and  alleged 
facts  bearing  upon  it  are  to  a  large  extent  contradictory.  There  are 
in  the  main  three  possibilities,  namely,  (1)  as  was  supposed  by 
Traube  (No.  316),  tJiat  the  amouivt  of  heat  generated  is  not  in  excess,  hut 
that  the  discharge  from  the  skin  owing  to  contraction  of  its  arterioles  is 
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diminished;  (2)  thai  the  discharge  from  the  skin  remains  the  same  as  or  is 
less  than  in  healthy  hut  that  there  is  increase  of  production;  and  (3)  thiU 
there  is  both  increased  production  and  increased  discharge,  but  that  the  gain 
from  the  former  supersedes  the  loss  from  the  latter.  The  first  of  these  possi- 
bilities was  said  to  be  refuted  by  the  observations  of  Senator,  Leyden, 
and,  later  on,  of  Wood  (see  Bibliog.),  to  the  effect  that  the  discharge  of 
heat  from  the  skin  is  in  reality  greater  than  usual.  The  heat^  it  is 
said,  is  not  retained  abnormally ;  it  is  alleged,  on  the  contrary,  to  be 
discharged  to  excess  in  all  stages.  On  the  face  of  this  the  observations 
of  Leyden,  Eanke,  and  others  seemed  to  show  (Sanderson,  No.  193, 
xvi  1876,  p.  341)  "that  although,  as  compared  with  the  heat  pro- 
duction of  an  individual  on  fever  diet^  the  heat  production  of  a  fevered 
person  is  excessive,  it  is  not  by  any  means  greater  than  the  heat  pro- 
duction of  health."  It  is  even  said  that  the  normal  production  of  heat 
may  be  made  to  far  exceed  that  of  fever.  If  these  two  statements  are 
correct,  if  the  output  on  the  one  hand  is  increased,  if  the  production 
is  not  above  that  of  health,  and  if  the  discharge  from  other  channels  is 
not  decreased,  as  it  is  assumed  it  is  not,  how  comes  it  that  the  tem- 
perature rises  above  the  normal  ?  There  is  an  inconsistency  here  which 
shows  how  insufficient  the  conclusions  as  yet  arrived  at  by  experiment 
are  to  explain  the  facts  of  h3rperpyrexia. 

The  statement  that  the  discharge  of  heat  is  increased  from  the 
skin,  not  decreased,  seems  to  be  only  partially  true.  There  are  the 
best  reasons  for  believing  that,  during  the  initial  stage  of  the  fever, 
in  Man  at  least,  it  is  very  considerably  decreased.  The  feeling  of  cold 
imparted  to  the  hand  of  the  observer  when  placed  over  peripheral 
parts  alone  would  indicate  either  that  this  is  so  or  that  the  skin,  for 
some  reason,  has  become  a  better  conductor,  and  thus  imparts  to  the 
hand  a  subjective  sensation  of  cold.  There  is  no  reason  why  it  should 
be  a  better  conductor ;  on  the  contrary,  the  blanched  white  skin  ought 
to  be  a  less  perfect  conductor  than  skin  which  is  in  its  natural  state 
of  redness. 

Surface  thermometry,  moreover,  bears  out  the  allegation  that  in 
most  cases  of  fever,  instead  of  there  being  an  agreement  between  the 
skin  temperature  and  that  of  internal  parts,  there  is  a  decided  disagree- 
ment As  the  one  rises  the  other  sinks.  And  here  it  must  be 
remarked  that  excessive  care  must  be  taken  in  recording  surface 
temperatures.  There  is  great  liability  to  error  in  taking  them.  What 
is  often  called  the  surface  temperature  is  in  reality  not  that  of  the 
surface,  but  of  the  parts  at  some  distance  underneath.  Schulein's 
observations  (No.  13,  Ixvi.  1876,  p.  109)  clearly  show  that  in  the 
stage  of  shivering  the  feeling  of  cold  is  not  merely  subjective,  but 
that  the  temperature  of  the  skin  sinks,  while  that  of  the  axilla  rises. 
In  the  case  of  typhoid,  peritonitis,  acute  rheumatism,  erysipelas,  puer- 
peral endometritis,  miliary  tubercle,  and  cheesy  pneumonia,  he  finds 
that  the  temperature  of  the  axilla  and  that  between  the  toes  do  not 
correspond,  that,  while  the  axillary  temperature  rises,  the  peripheral 
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temperature  falls.  In  an  instance  given  of  intermittent  fever,  the 
chart  showed  that,  while  the  axillary  temperature  went  up  to  40°  C, 
that  taken  between  the  toes  fell  simultaneously  to  between  24*6°  and 
25°  G.  Exceptions  are  found  in  the  instance  of  croupous  pneumonia, 
measles,  and  scarlet  fever.  Here  the  temperature  of  the  skin  rises 
pretty  regularly  with  that  of  the  axilla,  and  in  scarlet  fever  and  pneu- 
monia he  has  ascertained  that  the  relationship  remains  constant  The 
cause  of  the  diminished  temperature  of  the  surface  is  that  the  blood- 
vessels are  in  a  state  of  tonic  contraction,  and  that  less  blood  is  passing 
through  them. 

That  there  are  cases  in  which  the  discharge  from  the  skin  is  lessened 
and  in  which  the  production  is  normal  seems  doubtful.  The  increased 
production  seems  to  commence  with  the  initial  stage  of  the  fever. 

The  third  possibility  is  one  which  apparently  is  an  actuality. 
Cases  have  just  been  referred  to  in  which  the  skin  temperature  from 
the  commencement  keeps  pace  relatively  with  that  of  internal  parts. 
The  high  temperature  in  these  cases  is  probably  to  be  explained  by  the 
heat  production  being  so  great  that  it  more  than  compensates  for  the 
increased  loss  by  the  skin  and  other  channels.  In  the  later  stages  of 
fever  also  more  heat  is  undoubtedly  lost  through  the  skin  than  in 
health,  and  yet  the  temperature  remains  higL  The  most  feasible 
explanation  of  the  high  temperature  under  such  circumstances  would 
seem  to  be  founded  on  this  last  of  the  three  mentioned  possibilities. 

Conclusions. — In  summing  up  the  arguments  on  the  one  side  and 
on  the  other  to  account  for  the  rise  of  temperattu-e  in  fever,  it  would 
seem  that  it  is  not  always  due  to  the  same  cause  or  train  of  causes. 
In  the  initial  stage  of  most  fevers  the  rise  of  temperature  is  probably 
accounted  for  by  slightly  increased  production  and  by  diminished  waste 
from  the  cutaneous  vessels  being  in  a  state  of  spasmodic  contraction. 
In  the  later  stages  of  fever,  when  this  spasm  has  been  succeeded  by 
relaxation,  more  heat  is  lost  through  the  skin  than  in  health,  and 
vastly  more  than  in  the  stage  of  shivering.  The  production  of  heat, 
however,  is  so  great  that  not  only  is  this  loss  compensated  for,  but 
the  body  temperature  is  raised.  There  are  still  other  cases  where 
apparently  this  second  source  of  high  temperature  prevails  from  the 
commencement  In  the  third  stage,  the  escape  of  heat  directly  through 
the  skin  and  in  the  sweat  is  very  great,  so  great  that  unless  the  amount 
of  heat  produced  continues  in  excess,  the  temperature  may  come  down 
lower  than  in  health. 

Rhythm  of  Fever  Temperature, 

1165.  Although  in  fever  the  temperature  is  high,  yet  there  is  this 
to  be  said  about  it,  that  it  follows  the  daily  normal  curve.  Place  the 
temperature  chart  of  a  case  of  typhoid  fever  taken  hourly  side  by  side 
with  one  taken  from  a  sound  person,  and  it  will  be  found  that  the 
curves  are  alike.     There  is  the  same  rise  in  the  afternoon  and  fall  in 
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the  early  morning  in  both.  The  only  difference  is  in  the  matter  of 
height ;  the  fever  temperature  is  set,  as  it  were,  at  a  higher  level  than 
that  of  health. 

Traumatic  Fever. 

1166.  Hyperpyrexia  can  be  excited  by  a  nximber  of  agencies  which 
probably  act  by  reflex  stimulation  of  the  heat  centres.  Thus  a  simple 
fracture  of  a  bone  or  the  passage  of  a  catheter  is  sufficient  to  send  the 
temperature  up  several  degrees.  The  amount  of  hyperpyrexia  which 
accompanies  inflammation  and  suppuration  is  not  always  proportionate 
to  the  extent  of  the  part  involved.  An  inflamed  tonsil  will  sometimes 
occasion  a  higher  temperature  than  a  much  more  extensively  outspread 
inflammation.  Tension  from  the  oldest  times  has  been  recognised  as  a 
cause  of  fever.  A  few  drops  of  pus  pent  up  in  tense  fibrous  surround- 
ings will  excite  severe  fever — a  fever  almost  instantaneously  relieved 
by  a  free  incision  into  the  part. 

The  fever  in  such  cases  is  out  of  all  proportion  to  the  extent  of  the 
injury  ;  the  tension  of  the  surrounding  tissues  must  have  something  to 
do  with  its  excitement  The  probability  is,  as  just  remarked,  that  the 
heat  -  controlling  centres  are  stimulated  reflexly  by  the  peripheral 
irritation.  It  cannot  be,  even  where  the  part  is  suppurating  and  where 
the  pus  is  pent  up  in  a  capsule,  that  the  symptoms  are  entirely  due  to 
poisons  absorbed  from  the  part,  because  in  wounds  which  are  kept 
aseptic,  as  Horsley  remarks  (No.  6,  1885,  i.  p.  420),  the  same  elevation 
of  temperature  is  sometimes  noted.  Volkmann  and  Genzmer  (Nos.  114, 
121  ;  Chir.  37)  have  supposed  that  in  such  subcutaneous  injuries 
as  simple  fracture  a  pyrogenous  substance  is  liberated  from  the  injured 
tissues  which  accounts  for  the  traumatic  fever.  The  mere  accumula- 
tion of  blood  in  such  a  torn  part  will  cause  elevation  of  temperature 
several  degrees, — ^a  fact  which  might  be  held  as  favouring  such  a  theory. 

But  injury  of  a  tissue  is  unnecessary  in  the  causation  of  mere 
hyperpyrexia.  Mental  emotion,  such  as  the  admission  of  a  distressing 
case  of  injury  into  the  ward  of  a  hospital,  will  sometimes  send  the 
temperature  of  a  timid  patient  up  a  degree  or  two. 

Lastly,  as  alluded  to  in  the  commencement  of  this  chapter,  we  may 
be  said  to  be  almost  completely  in  the  dark  as  to  how  the  majority  of 
the  true  fever  poisons  act.  Judging  by  the  analogy  of  the  action  of 
substances  which  induce  hyperthermia,  these  poisons  are  probably  of  a 
chemical  nature.  Martin  supposes  that  in  anthrax  the  albumoses 
formed  by  the  bacillus  are  the  fever-exciting  agents,  the  alkaloids  the 
coma-producers. 

The  Products  of  Fever  Metabousm. 

1167.  Urea.— Sanderson  (No.  193,  xvi.  1876,  p.  267),  basing  the 
calculation  on  three  observations  by  Unruh,  makes  the  statement  that 
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17  466  grms.  (270  grains)  may  be  regarded  as  the  normal  daily 
discharge  of  urea  from  a  healthy  individual  on  fever  diet  and  lying  in 
bed.  The  amount  may  be  otherwise  expressed  by  sa3ring  that  it  comes 
up  to  something  like  0*3835  gnn.  per  kilo  of  body  weight.  The 
average  in  a  healthy  individual  under  ordinary  conditions  is  about 
half  a  gramme.  We  may  therefore  take  0*38  grm.  per  kilo  as  the 
normal  low  diet  discharge  of  urea  in  health.  In  fever,  Unruh  found  it 
to  rise  as  high  as  65  9 7  grm.  daily,  or  1*18  per  kilo  weight  of  body — 
an  amount  more  than  three  times  that  of  a  healthy  individual  under 
like  conditions.  The  lowest  amount  he  obtained  was  18*6  grm. 
per  diem.  The  average  of  the  whole  series  of  observations  was 
30-576  ( =  about  470  grains). 

It  is  evident,  therefore,  that,  notwithstanding  the  peculiar  condi- 
tions of  the  patient  as  regards  diet  and  forced  rest,  the  tissue 
metabolism  must  be  proceeding  at  a  rate  above  that  of  a  healthy 
individual  under  the  same  circumstances.  A  healthy  person,  however, 
on  mixed  full  diet  and  not  lying  in  bed,  discharges  from  30  to  36  grm. 
urea  daily,  so  that  it  cannot  be  said  that  the  average  tissue  waste  is 
greater  in  the  fevered  individual  on  fever  diet  and  at  rest  than  in  a 
healthy  individual  on  mixed  diet  and  taking  an  average  amount  of 
exercise.  There  is  this  diflference,  however,  that  in  the  healthy 
individual  the  nitrogenous  waste,  as  represented  in  the  urea  thrown 
off,  corresponds  closely  to  the  amount  of  nitrogenous  food  taken  into 
the  body,  while  that  excreted  in  fever  bears  no  relationship  to  the  diet, 
and  must  therefore  be  formed  from  the  tissues. 

And  when  we  come  to  inquire  which  tissues  furnish  it,  the  muscles 
must  be  regarded  as  standing  pre-eminent.  They  undergo  extreme 
wasting  in  fever.  It  is  not  generally  held  to  be  derived  from  the 
proteids  of  the  liquor  sanguinis,  because  this  contains  a  large  propor- 
tion of  sodium  salts,  while  the  salts  discharged  in  the  urine  of  fever  are 
poor  in  sodium. 

It  is  likely  that  one  other  chief  source  of  it  is  the  blood-corpuscles. 
As  yet  hsemometric  observations  have  not  borne  out  the  supposition 
that  they  actually  decrease  in  number  in  fever.  It  is  argued,  however, 
that  it  is  likely  to  be  the  case,  from  the  fact  that  the  urine  contains 
much  potassium  salts, — salts  which  abound  in  the  blood -corpuscles. 
Baton's  observations  (No.  661,  iii.  1891,  p.  209),  as  well  as  those  of 
Pisenti  (No.  104,  xxi.  1886,  p.  219),  show  that  an  attack  of  fever  has 
the  effect  of  suddenly  diminishing  the  quantity  of  bile  secreted.  Paton 
remarks  that  it  also  becomes  very  pale  or  quite  colourless,  facts  which 
do  not  certainly  point  to  any  increased  destruction  of  blood-corpuscles. 

The  amount  of  uric  acid  thrown  off  is  said  to  be  also  increased. 

Senator  was  of  opinion  that  there  was  no  reason  to  suppose  that 
there  is  increased  formation  of  carbonic  acid  in  fever.  Sanderson, 
however  (No.  193,  xvi.  1876,  p.  279),  is  compelled  to  accept  it  as  a 
truth  that  more  carbonic  acid  is  produced  than  in  health.  There  is 
certainly  increased  discharge,  and  this  cannot  be  accounted  for  by 
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excessive  respiration.  A  healthy  person  on  fever  diet  discharges  about 
22  grms.  of  COj  in  an  hour,  and  a  person  in  fever  about  32*3  grms. 
Part  of  this  comes  from  the  consumption  in  the  body  of  materials 
which  are  not  nitrogenous. 

The  pigment  in  the  urine  in  the  vast  majority  of  cases  is  aug- 
mented,  it  is  said,  as  much  as  twenty  times.  This  might  be  employed 
as  a  basis  for  the  argument  that  the  blood-corpuscles  are  destroyed  to 
excess. 

The  discharge  of  water  is  much  increased  in  animals  rendered 
artificially  febrile,  and  chiefly  in  the  commencement  of  the  fever,  a  cir- 
cimistance  which  in  part  accounts  for  the  loss  of  weight.  Fevered 
dogs  lose  from  3  to  4  per  cent  of  their  weight  during  the  first  twenty- 
four  hours  of  fever ;  healthy  dogs  in  a  corresponding  period  of  pure 
inanition  only  about  1  6  per  cent.  The  diminished  weight  is  chiefly 
due  to  loss  of  water  (Senator). 

Source  of  the  Heat  in  Fever. 

1168.  From  what  has  been  remarked  of  the  evidence  of  increased 
metabolism  in  fever  the  source  of  the  heat  cannot  be  far  to  seek.  It 
is  to  be  traced  to  the  increased  oxidation  of  the  proteid  and  non- 
nitrogenous  tissues.  Owing  to  their  being  thus  utilised,  these  tissues 
waste  and  give  rise  to  the  characteristic  inanition. 

Respiratory  and  Circulatory  Phenobiena  of  Fever. 

1169.  The  respirations  are  increased  in  frequency,  owing,  it  is 
alleged,  to  the  heated  blood  acting  on  the  respiratory  centre. 

The  heart  beats  more  quickly  in  fever  than  in  health.  The  cause 
is  generally  held  to  be  the  action  of  the  high  temperature  upon  it. 
Brunton's  experiments  demonstrate  that  increased  temperature  quickens 
the  heart's  beat  in  the  frog. 

The  researches  of  Wolff",  Landois,  and  Riegel  have  shown  that  the 
vascular  tension  in  fever  is  usually  lowered,  and  that  the  degree  of 
relaxation  proceeds  hand  in  hand  with  the  height  of  the  temperature. 
The  wonted  tension  returns  with  the  decline  of  the  temperature. 
In  some  cases,  however,  the  tension  may  be  unusually  high. 

The  action  of  the  heart  muscle  is  evidently  impaired.  One  ex- 
planation which  has  been  given  of  this  is  that  it  suffers  from  cloudy 
swelling  due  to  precipitation  of  its  myosin. 

Cause  of  Death  in  Fever. 

1170.  The  mere  elevation  of  temperature  in  ordinary  fevers  is 
held  by  many  to  be  insufficient  of  itself  to  account  for  death,  for  animals 
can  be  kept  for  days,  or  even  weeks,  alive  where  the  rectal  tempera- 
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ture  is  equivalent  to  106°  F.  It  requires  a  much  higher  temperature 
to  prove  fatal  to  them.  In  relapsing  fever  the  temperature  may  come 
up  to  107°  F.,  and  remain  so  for  five  or  six  days.  And  yet  the 
mortality  in  this  disease  is  small. 


Risk  of  Temperature  after  Death. 

1171.  In  some  diseases  such  as  tetanus  the  temperature  rises 
several  degrees  after  death.  The  causes  seem  to  be  that  the  chemical 
interchanges  of  the  body  continue  after  death,  and  that  less  heat  is 
radiated  from  the  surface.  In  the  coagulation  of  myosin  which  takes 
place  with  the  advent  of  rigor  mortis,  heat  is  apparently  evolved.  It 
is  in  cases  such  as  tetanus,  where  the  temperature  at  the  time  of  death 
is  high,  that  the  increase  after  death  is  chiefly  noticeable. 


Fever  a  Salutary  Process. 

1172.  It  is  sometimes  said  that  fever  heat  subserves  a  salutary 
purpose,  that  it  is  one  of  nature's  methods  of  destropng  parasitical 
microbes.  The  temperature,  it  is  alleged,  runs  so  high  that  it  destroys 
them.  Against  this  is  to  be  reckoned  the  fact  that  the  exanthemata  run 
a  definite  course  whatever  the  temperature  may  be.  The  subject  of 
contagious  febrile  dbeases  usually  dies  before  the  germs  in  his  blood 
or  tissues. 


Character  of  the  Temperature  in  different  Febrile 
Conditions. 

1173.  Measles. — The  temperature  rises  rapidly,  so  that  by  the 
evening  of  the  second  day  it  may  reach  102°  F.  or  more.  With  the 
appearance  of  the  eruption  (third  to  eighth  day)  a  rapid  accession 
going  up  to  104°  to  105°  F.  probably  on  the  sixth  day.  May  remain 
constant  for  a  day  and  falls  suddenly. 

Scarlatina. — Reaches  to  104°  to  105°  F.  during  first  day,  or  at 
any  rate  when  the  eruption  is  fully  developed.  It  may  rise  occasion- 
ally to  110°  or  112*  F.  later  on.  The  temperature  is  higher  in  scarlet 
fever  than  in  any  other  fever  of  the  same  class.  Subsides  slowly  after 
the  rash  has  reached  its  acme. 

T3rphoid. — Rises  with  an  alternating  character.  From  morning 
to  evening  an  ascent  of  about  2°  to  3°  F.,  from  evening  to  morning 
a  fall  of  about  1°  F.  Result  is  that  each  evening  there  is  an  advance 
of  about  1°  to  2°  on  that  previous.  The  point  ultimately  reached  is 
from  103*5°  to  104°  F.  or  more.     The  mode  of  ascent  is  distinctive. 

T3rphus. — Ascent  steady  and  continuous  up  to  the  fourth  or  fifth 
evening  without  morning  remission.     Maximum  rarely  under  104*9° 
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to  105"  R,  often  reaching  107°,  or  even  above  this.  Slight  remission 
on  sixth  morning,  and  well-marked  fall  on  seventh  day,  unless  case  very 
severe.  After  this  a  rise  again,  but  rarely  to  former  maximum.  May 
fall  in  twelve  to  forty-eight  hours  to  normal  at  period  of  defervescence 
on  the  thirteenth  to  seventeenth  day.  In  fatal  cases  a  rapid  rise  or 
fall.     May  go  up  in  such  to  108°  or  109°. 

Variola. — Rises  rapidly  during  stage  of  invasion  to  104°  or 
106  5°  F.  Falls  during  early  period  of  eruption,  and  rises  again  at 
period  of  maturation  to  102°  to  104°,  and  when  fatal  issue  threatens, 
even  to  107°. 

Relapsing  Fever. — Continuous  ascent  for  four  or  five  days 
without  evident  morning  remission.  Finally  reaches  from  104°  to 
108°  F.  May  afterwards  remain  stationary  imtil  crisis,  when  it  becomes 
subnormal.  At  relapse  rises  suddenly  again,  even  to  a  higher  point 
than  on  first  attack. 

Erysipelas. — Ascends  rapidly  at  outset — 104°-105°  F.  on  first 
evening.  Maximum  usually  on  third  day,  but  may  go  on  increasing 
as  long  as  inflanmiation  lasts,  and  attain  to  106°  to  108°.  As  a  rule, 
jdistinct  evening  exacerbations. 

Tubercular  Phthisis  of  Lung. — Minimum  temperature  may 
be  normal  in  the  day,  but  is  usually  higher  than  normal  The  maxi- 
mum temperature  may  reach  from  101°  to  105°  F. 

Tubercular  Meningitis. — Temperature  irregular  but  above 
normal.     Does  not  often  rise  above  101°  to  102°  F. 

Influenza. — Rises  often  suddenly  to  103°  to  105°  F.  and  declines 
filowly. 
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Fredericq.,  iii.  1890,  p.  169.  Bttumler  (Arteries  of  Skin  in) :  Centralbl.  f.  d.  med. 
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212.  Th^e  de  Paris.     Duperi^,  1878. 
218.  These  de  Paris.     Cadet,  1881. 

214.  Chimie  pathol.     Quinquad,  1880. 

215.  Wiirtemburg  Con*espondenzblatt. 

216.  Edin.  Clin,  and  Path.  Joum. 

217.  Dissert  Dorpat,  Nauck,  1886. 

218.  Recherches  sur  I'anat.  norm,  et  path,  du  sang.     Hayem,  1878. 

219.  Wien.  med.  Ztng. 

220.  Cause  of  the  Coagulation  of  the  Blood.     Richardson,  1858. 

221.  Viertaljahrschr.  f.  d.  prakt.  Heilkunde. 

222.  Bibl.  univ.  de  Geneve,  1821. 

223.  Handbuch  d.  Physiol.     Miiller,  1844. 

224.  Le9ons  sur  le  sang  et  les  alterations  de  ce  liquide.     Magendie,  1838. 

225.  Untersuch.  z.  Naturlehre  d.  Menschen.     Martels  and  Moleschott. 

226.  Joum.  de  la  Physiol. 

227.  Berichte  d.  deut  chem.  Gesellsch.  z.  Berlin. 

228.  Ztschr.  f.  Biol. 

229.  Wien.  Med.  Blatter. 

230.  Hewson's  Collected  Works.     Ed.  by  Gulliver.     Syd.  Soc.,  1846. 

231.  Animal  Chemistry  (Eng.  Transl.).     Syd.  Soc.,  Simon,  1845. 

232.  Bull,  de  I'Acad.  Roy.  de  M^d.  de  Belgique. 

233.  Die  progressive  peraiciose  Ansemie.     Eichorst,  1878. 

234.  Univ.  m^d.  Paris. 
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235.  Manual  of  Mic.  Anat.  (Eng.  Transl.).     Eolliker,  1860. 

236.  Ueb.  d.  Chlorose  u.  d.  damit  ziisammenhangenden  Anomallen  im  Grefassap- 

parate.     Virchow,  1872. 

237.  Lo  sperimentale. 

238.  Tageblatt  d.  42  Versammliing  deutsch.  Naturforschr.  u.  Aerzte  in  Dresden. 

239.  Correspondenzbl.  f.  schweizerische  Aerzte. 

240.  Movimentx)  med.-chir. 

241.  Proceed.  Roy.  Institution  Gt.  Britain. 

242.  Handbuch  d.  spec.  Path.  u.  Therap.     Eichorst,  1885. 

243.  Revue  mensuelle  de  m6d. 

244.  Bull,  de  la  Soc.  Anat. 

245.  Froriep's  Notizen. 

246.  Beobachtungen  u.  Yersuche  lib.  d.  Ausscheid.  d.  Hamsaure,  Ranke,  1858. 

247.  Organic  Chemistry,  12th  ed.     Fownes. 

248.  Jenaische  Zeitschr.  f.  Med. 

249.  Nouv.  Diet,  de  M^d.  et  de  Chirurg. 

250.  Glasg.  Med.  Joum. 

251.  Gaz.  hebdom. 

252.  Liebig's  Annalen. 

253.  Dissert.  Erlangen.     Toenniessen,  1881. 

254.  Leucocythffimia  or  white-cell  Blood  in  relation  to  the  Physiol,  and  Path,  of 

the  Lymph.  Glandular  Syst     Bennett,  1852. 

255.  Manual  of  Path.  Histol.  (Eng.  Transl.).     Comil  et  Ranvier,  1882. 

256.  Lehrbuch  d.  path.  Gewebelehre.     Rindfleisch. 

257.  Rev.  scientifique. 

258.  Ueb.  d.  Diabetes.     Frerichs,  1884. 

259.  Le9ons  de  Physiol.     CI.  Bernard,  1855. 

260.  Balneotherapie.     3  Aufl.     Braun,  1868. 

261.  Untersuch.  lib.  Zuckerbildung.     Schiff,  1859. 

262.  Lectures  on  some  of  the  applications  of  Chemistry  and  Mechanics  to  Path,  and 

Therapeutics.     Bence  Jones,  1867. 

263.  Physiol.  Chemie.     Lehmann. 

264.  Trans.  Intemat.  Med.  Cong.  London,  1881. 

265.  On  Granular  Degeneration  of  the  Kidneys.     Christison,  1839. 

266.  De  rUr^mie.     Feltz  and  Ritter,  1881. 

267.  Revue  medicale  de  I'Est. 

268.  Die  Bright'sche  Nierenkrankheit  u.  d.  Behandlung.     Frerichs. 

269.  Gaz.  chim.  ital. 

270.  On  Rheumatism,  Rheumatic  Gout,  and  Sciatica.     Fuller,  1860. 

271.  On  the  Action  of  Medicines.     Headland. 

272.  On  Rheumatism.    Todd. 

273.  Rheumatism  ;  its  nature ;  its  pathology  ;  and  its  successful  treatment.     Mac- 

lagan. 

274.  Klinik  d.  Gelenkkrankheiten.     Hueter,  1871. 

275.  A  Treatise  on  Gout  and  Rheumatic  Gout.     Garrod,  1876. 

276.  On  the  Formation  of  Uric  Acid  in  Animals.    Latham,  1884. 

277.  Magendie's  Journal  de  Physiol. 

278.  Essai  d'hematologie  pathologique.     Andral. 

279.  Chimie  pathologique.     Becquerel  and  Bodier. 

280.  Month.  Joum.  Med.  Sc. 

281.  Diseases  of  the  Limgs  and  Heart.     Walshe,  1854. 

282.  Die  Selbsstandigkeit  d.  sympath.  Nervensystems.    Bidder  and  Yolkmann,  1842. 
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283.  Berichte  d.  siichsischen  Akad. 

284.  Maladies  du  Cceur.     Ger.  S^,  1883. 

285.  Proc.  PhysioL  Soc. 

286.  Ludwig*s  Arbeiten. 

287.  Illustrations  of  the  Influence  of  the  Mind  upon  the  Body.     Hack  Tuke,  1872. 

288.  Diseases  of  the  Heart  and  Aorta.     Hayden,  1875. 

289.  Diseases  of  the  Heart  and  Aorta.     Balfour,  1876. 

290.  Diseases  of  the  Heart  and  Aorta.     Stokes,  1854. 

291.  Comroentarii  de  morborum  historia  et  curatione.     Heberden,  1807. 

292.  Medical  Transactions. 

293.  Trans.  Clin.  Soc.  Lond. 

294.  Trans.  Roy.  Soc.  Edin. 

295.  Valvular  Disease  of  the  Heart     Sansom,  1886. 

296.  Materia  Medica  and  Therapeutics.     Vegetable  Kingdom.     Phillips,  1886. 

297.  Araer.  Joum.  Med.  Sc. 

298.  Nordiskt  med.  Arkiv. 

299.  Mikroorganismen    b.    d.    Wundinfectionskrank.   d.    Menschen.       Rosenbach, 

1884. 

300.  L'Abeille  medicale. 

301.  Text-book  of  Path.  Histology. 

302.  Les  Bacteries  et  leur  r61e  dans  Tanatomie  et  Thistologie  pathol.  des  maladies 

infect.     Comil  et  Babes. 

303.  Gior.  veneto  di  sc.  med. 

304.  Dissertation.     Zurich,  Hepp,  1853. 

305.  Memoir  on  Ganglia  and  Nerves  of  the  Heart.     Lee,  1851. 

306.  Text- book  of  Pract.  Med.  (Eng.  Transl.).     Niemeyer,  1884. 

307.  Ueb.  d.  Zusammenhang  v.  Herz-  u.  Nierenkrankheiten,  1856. 

308.  Lectures  on  Bright's  Disease.     Johnson,  1878. 

809.  On  the  connection  of  Bright's  Disease  with  changes  in  the  Vascular  System. 

Galabin,  1873. 

810.  Bright's  Diseases  of  the  Kidney.     Stewart,  1871. 

311.  The  Bearings  of  Chronic  Disease  of  the  Heart  on   Pregnancy,  etc.      Mac- 

donald,  1878. 

312.  Annales  de  Chimie  et  de  Physique. 

313.  Des  Causes  et  du  Mechanisme  du  Bruit  de  Souffle t     Bergeon,  1868. 

314.  Intemat.  Joum.  of  Med.  Sc. 

315.  Clinical  Med.     Gairdner. 

316.  Gesammelte  Beitrage  zur  Path.  u.  Phjrsiol.     Traube,  1871. 

317.  Ned.  Lancet. 

318.  The  Collected  Works  of  Dr.  P.  Latham.     N.  Syd.  Soc.,  1876. 

319.  Trans.  Edin.  Med.-Chir.  Soc. 

320.  Diseases  of  the  Heart.     Flint,  1870. 

321.  Text-book  of  Human  Physiology  (Eng.  Transl.  by  Stirling).     Landois,  1885. 

322.  Valvular  Disease  of  the  Heart     Peacock,  1865. 

323.  Die  trophischen  Beziehungen  d.  Nervi  Vagi  z.  HerzmuskeL     Eichorst,  1879. 

324.  Die  Fett-Metamorphose  d.  Herzfleisches.     Wagner,  1864. 

325.  Gaz.  des  h6p. 

826.  Des  complications  cardiaques  du  croup  et  de  la  diphtheric.     Labadie-Lagrave, 

1873. 

827.  Die  luetische  Erkrankung  der  Himarterien.     Heubner,  1874. 
328.  Lehrbuch  d.  spec.  path.  Anat.     Orth,  1887. 

829.  Atlas  d' Anatomic  path.  (Eng.  Transl.  by  Greenfield).     Lanoereaux,  1880. 
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830.  Traits  de  Path,  interne.     Jaccond,  1877. 

331.  Clinical  Lectures  on  Senile  and  Chronic  Diaeases.     N.  Syd.  Soc     Charcot, 

1881. 

332.  Anatomie  path.     Cruveilhier. 

333.  Becherches  sur  quelques  points  de  la  pathog^nie  d.  h^morrhagies  c^r^rales. 

Bouchard,  1866  (Eng.  Transl.,  same,  1872). 

334.  Ueh.  hyaline  Thrombenbildung,  ete.     ObermiiUer,  1886. 

335.  Traits  d'auscultation.     Laennec. 

336.  Untersucb.  iib.  d.  hsemorrhagischen  Infarct.     Litten,  1879. 

837.  Text-book  of  Path.  Anat  (Eng.  TransL  by  Macalister).     Ziegler,  1883. 

338.  Untersuch.  iib.  d.  embolischen  Processe.     Cohnheim,  1872. 

339.  Beitrag  z.  norm.  u.  path.  Structur  d.  Lungen.     Zenker. 
840.  Travaux  du  Laboratoire.     Marey. 

341.  Medical  Dictionary.     Hooper,  1848. 

342.  Dictionary  of  Pract  Med.     Copland. 

343.  Handbook  of  the  Sphygmograph.     Sanderson. 

844.  La  methode  graphique  dans  les  sciences  exp^rimentales.     Marey,  1878. 

845.  The  Sphygmograph.     Dudgeon,  1882.  ^ 

846.  La  circulation  du  sang  ^  I'^tat  physiol.  et  dans  les  maladies.     Marey,  1881. 

847.  Principles  of  Human  Physiol.     Carpenter  and  Power,  1881. 

848.  Die  Lehre  v.  Arterienpuls.    Landois,  1872. 

849.  Students'  Guide  to  the  Examination  of  the  Pulse.     Bramwell,  1888. 

850.  The  Science  and  Practice  of  Surgery.  "  Gant,  1886. 

851.  Nature  and  Treatment  of  Stomach  and  Renal  Diseases.     Prout,  1843. 
352.  Gazetta  lekarska. 

853.  Rev.  de  m^. 

854.  Bull,  de  la  Soc.  chimique  de  Paris. 

855.  Beitrage  z.  BioL  d.  Pflanzen. 

356.  Untersuch.  iib.  niedere  Pilze.     Nageli,  1882. 

857.  Ueb.  d.  Zersetzung  d.  Gelatine  u.  d.  Eiweisses.     Nencki,  1876. 

358.  Ueb.  Ptomaine,  1885 ;  Weitere  Untersuch.  iib.  Ptemaine.     Brieger,  1885. 

859.  Die  Mikroorganismen.     Fliigge,  1886. 

860.  Die  Grundriss  d.  Bakterienkunde.     Fraenkel,  1887. 
361.  Rep.  of  the  British  Association. 

862.  Joum.  of  the  Roy.  Agricultural  Soc. 

368.  Die  Bakterien-Forschung.     Hueppe,  1886. 
364.  The  Antiseptic  System.     Sansom. 

865.  Les  organismes  yivante  de  Tatmosphere.     Miquel,  1883. 

866.  Ztschr.  f.  Hygiene. 

867.  Archives  d.  sciences  physiques  naturelles. 

868.  Clin.  Soc.  Trans.,  Lond. 

369.  Opera  omnia.     Syd.  Soc.,  Sydenham,  1746. 

370.  Handbook  of  Path.  Anat     Delafield  and  Pruddeu,  1885. 

871.  An  investigation  into  the  pathology  of  pernicious  anaemia.     Hunter,  1888. 

872.  Researches  on  the  Spinal  Cord.     B.  S^uard,  1855. 

373.  Lehrbuch  d.  Physiol,  d.  Menschen.     Schiff,  1858-59. 

374.  Handworterbuch  d.  Physiol.     Wagner. 

375.  (Euvres  de  Legallois,  1830. 

876.  Die  Athembewegungen.     Rosenthal,  1862. 

877.  The  Movements  of  Respiration.     Marckwald. 

878.  Recherches  sur  le  syst^me  nerveux.     Flourens,  1^"  ^d.,  1824. 
379.  Traitd  de  physioL     3™«  ^,  1869. 
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880.  Heidenhain's  Stndien. 

881.  Wiirzburger  Yerhandlimgen. 

882.  Diseases  of  the  Lungs  and  Pleone.     Donglas  Powell,  1886. 

888.  Sur  le  rdle  de  I'^lasticiU  da  poumon  dans  les  ph^nom^nes  de  la  circulation . 
D'Arsonval,  1877. 

884.  Lemons  sur  la  respiration.     Paul  Bert,  1870. 

885.  Pr^is  de  percussion  et  d'auscultation.      P.   Niemeyer  (French  Transl.   by 

Szerlecki),  1874. 

886.  Researches  on  Phthisis.     Louis  (Eng.  Transl.  by  Walshe),  1846. 

387.  Diseases  of  the  Chest  and  Mediate  Auscultation.     Laennec  (Eng.  Transl.  by 
Forbes),  1888. 

888.  La  phthisic  pulmonaire.     Herard,  Gomil,  and  Hanot,  1888. 

889.  Giomale  intemaz.  de.  science  med. 

890.  Bull,  dell'  acad.  med.  di  Roma. 

891.  Annali  uniyers.  di  medic.     Luglio. 

892.  Phihi.  Med.  News. 
898.  Arch.  ital.  d.  Laryng. 

894.  LyonmM. 

895.  De  Toedfeme  de  la  parol  thoracique  dans  les  pleuresies  non  purulente.     Th^ 

de  Paris,  1885. 

896.  Experimental  Researches.    Bennet-Dowler,  1845-51. 

397.  Diseases  of  the  Lungs  from  Mechanical  Causes.     Holland,  1848. 
898.  Krankheiten  d.  Arbeiter. 

399.  Boston  Med.  and  Surg.  Joum. 

400.  Pneumo-dynamics.     Garland,  1878. 

401.  Dublin  Hosp.  Rep. 

402.  Untersuohungen  iib.  Staubinhalation  u.  Staubmetastase.     Arnold,  1885. 
408.  Dublin.  Med.  Joum. 

404.  Cyclopaedia  of  Anat  and  Physiol.    Todd,  1852. 

405.  Diagnosis  and  Treatment  of  Diseases  of  the  Chest.     Stokes,  1857. 

406.  Sputum.     Troup,  1886. 

407.  Collective  Investigation  Record.     Brit  Med.  Assoc,  July  1888. 

408.  Pulmonary  Phthisis.     James,  1888. 

409.  Klinische  Vortrage  Ub.  d.  Lungenschwindsucht     Niemeyer,  1867. 

410.  Diseases  of  the  Chest.     Fuller,  1862. 

411.  Dor  Mechanismus  d.  Respirat.  u.  Circulat     Mendelssohn,  1845. 

412.  Abhandl.  Ub.  Emphysem.     Fuchs,  1845. 

418.  Anatomy  of  the  Human  Body.     John  Bell,  1797. 

414.  Manual  of  Path.  Anat     Rokitansky  (Eng.  Transl.,  N.  Syd.  S<k;.,  by  Swaine), 

1854. 

415.  Monthly  Med.  Joum.,  Edin. 

416.  Manual    of   Path.    Histol.      Rindfleisch    (Eng.   Transl.,   N.    Syd.   Soc.,   by 

Baxter),  1872. 

417.  Lehrbuch  d.  path.  Anat     Birch-Hirschfeld,  1877. 

418.  Das  Sauerstoffbedilrfniss  d.  Organismus.     Ehrlich,  1885. 

419.  Artificial  Respiration  in  Still-bora  Children.    Champneys,  1887. 

420.  Manual  of  Percussion  and  Auscultation.     Flint,  1876. 

421.  Archives  de  neurologic. 

422.  Observations  on  Diphtheria.     Wade. 
428.  Annales  de  I'lnstitut  Pasteur. 

424.  Dissertation  historique  sur  I'esptee  de  mal  de'gorge  gangr^neux,  etc.     Chomel, 
1749. 
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425.  An  account  of  the  sore  throat  attended  with  ulcers.      Fothergill,  1754. 

426.  Trans.  Amer.  PhiL  Soc. 

427.  Des  inflammations  sp^ciales  du  tissn  muqueux  et  en  particnlier  de  la  diph-  , 

thorite.     Bretonneau,  1826. 

428.  Inquiry  into  the  Nature,  Cause,  and  Cure  of  the  Croup.     Home,  1765.  j 

429.  Die  Pathogencse  d.  epidem.  Diphtheric.     Oertel,  1887.  I 

430.  Exper.  Untersuch.  tib.  Diphtheric.     Oertel,  1871.  \ 

431.  Ueb.  d.  Resorption  durch  d.  Lungen.     Konigsberg.  Dissert.,  1879. 

432.  Manual  of  Diseases  of  the  Throat  and  Nose.     Mackenzie,  1884. 

433.  Diseases  of  Throat  and  Windpipe.     Gibb,  1864. 

434.  Diseases  of  the  Larynx.     Gottstein  (Eng.  Transl.  by  M 'Bride). 

435.  Vorlesungen  iib.  d.  Krankheiteu  d.  Kehlkopfes,  etc.     Schrotter. 
486.  An  Essay  on  Asphyxia.    Johnson,  1889. 

437.  St.  Barthol.  Hosp.  Rep. 

438.  Jaundice  :  its  Pathology  and  Treatment.     Harley,  1863. 
489.  Arbeiten  a.  d.  path.  Inst  zu  Miinchen. 

440.  Ueb.  Epithelwucherung  u.  Krebs.     Friedlander,  1877. 

441.  Atlas  et  traits  d'anat.  path.     Lancereaux. 

442.  Handbuch  d.  PhysioL     Hermann. 
448.  Diseases  of  the  Liver.     Harley. 

444.  Du  sue  gastrique  chez  Thomme  et  les  animaux,  1878. 

445.  Joum.  of  Comp.  Path,  and  Therapeut. 

446.  La  glande  bilaire.     Sabourin,  1888. 

447.  La  digestion  stomacale.     Herzen,  1886. 

448.  Du  sue  gastrique.     Richet,  1878. 

449.  Le9on8  sur  la  digestion.     Schiff,  1867. 

450.  The  Gastric  Juice  and  the  Physiol,  of  Digestion.     Beaumont,  1838. 

451.  Die  Lehre  v.  d.  Verdauung.     Ewald,  1879. 

452.  Respiratory  Functions  of  the  Nose.     Macdonald,  1889. 

453.  The  Tongue  as  an  Indication  of  Disease.     Dickinson,  1888. 

454.  The  digestive  Ferments.     Roberts,  1880. 

455.  Le9on8  sur  les  ph^nom^nes  de  la  vie.     C.  Bernard,  1879. 

456.  Lectures  on  Dietetics  and  Dyspepsia.     Roberts,  1886. 

457.  Atrophy  of  the  Stomach.     Fen  wick,  1880. 

458.  Diseases  of  the  Stomach.     Fen  wick,  1880. 

459.  Lemons  orales.     Dupnytren,  Brussels  ed. 

460.  Diseases  of  Stomach.     Brinton,  1859. 

461.  Intestinal  Obstruction.     Brinton,  1867. 

462.  Diseases  of  the  Liver.     Murchison,  1885. 

463.  Maladies  du  foie.     Cyr,  1887. 

464.  The  Bile,  Jaundice,  and  Bilious  Diseases.    W.  Legg,  1880. 

465.  Text-book  of  Physiology.     M'Kendrick,  1888-89. 

466.  Bright's  Diseases  of  the  Kidneys.     Stewart,  1871. 

467.  Maladies  du  foie  et  des  reins.     Charcot,  1877. 

468.  Diseases  of  the  Kidneys.     Ralfe,  1885. 

469.  Clinical  Cases.     Bright,  1827. 

470.  Clinical  Lectures  on  Important  Symptoms.     Stewart,  1888. 

471.  Albuminuria  in  Health  and  Disease.    Senator  (Eng.  Transl.,  N.  Syd.  Soc. ),  1884. 

472.  Die  Hamcylinder.     Burkart,  1874. 

473.  Bedside  Urine-testing.     Oliver,  1889. 

474.  Ueb.  d.  Zusammenhang  v.  Herz  u.  Nierenkrankheiten.     Traube,  1866. 

475.  Handbuch  d.  Physiol.     Hermann. 
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476.  Arch.  f.  Hygiene. 

477.  Introduction  to  Human  Anatomy.     Turner,  1877. 

478.  Discussion  on  Albiuninuria  at  Glasgow  Pnth.  and  Clin.  Soc.,  1884. 

479.  Works  of  the  late  J.  W.  Begbie.     New  Syd.  Soc. 

480.  Lectures  on  Blight's  Disease.     Saundby,  1889. 

481.  Lond.  Hosp.  Rep. 

482.  Beitrage  z.  Chemie  d.  Eiweissharns,  1873. 

483.  Bright's  Disease.     Purdy,  1886. 

484.  Pi-actical  Treatise  on  Diseases  of  the  Kidneys.     Ralfe,  1885. 

485.  Urinary  Diseases.     Wilks. 

486.  Die  Lehre  vom  Ham.     Salkowski  and  Leube,  1882. 

487.  Text-book  of  Physiology.     M'Kendrick,  1885. 

488.  Zeitschr.  f.  Chemie. 

489.  Lehrbuch  d.  phys.  u.  path.  Chemie.     Bunge,  1889. 

490.  Treatise  on  Gout  and  Rheumatic  Gout.     Gan'od,  1876. 

491.  Handbuch  d.  path.  Anat.     Klebs,  1868. 

492.  Beitr.  z.  path.  Anat.  u.  allg.  Path.     Nauwerck  and  Ziegler. 

493.  Trans.  Obstetrical  Soc.  Lond. 

494.  Arch.  f.  Gynaekol. 

496.  Trans.  Obstetrical  Soc.  Lond. 

496.  Diseases  of  Women.     Tait,  1877. 

497.  Clinical  Lectures  on  Diseases  of  Women.     Matthews- Duncan,  1883. 
493.  Displacements  of  the  Uterus.     Schultze  (Eng.  Transl.  by  Macan),  1888. 

499.  Perimetritis  and  Parametritis.     J.  M.  Duncan,  1869. 

500.  Zeitschr.  f.  Heilkunde. 

601.  Ectopic  Pregnancy  and  Pelvic  Hamatocele.     Tait,  1888. 

502.  Eierstock  u.  Ei.     Waldeyer,  1870. 

503.  Collected  Works  of  F.  M.  Balfour. 

504.  Archives  de  M^. 

505.  De  la  tuberculose  des  organes  g^nitaux  de  la  femme.     Brouardel,  1865. 
606.  De  la  tuberculose  g^nitale.     Daurios,  1889. 

507.  Deutsche  Klinik. 

508.  Boston  Med.  and  Surg.  Journal. 

509.  Diseases  of  the  Testis.     Curling. 

510.  Constitutional  and  Local  Effects  of  Disease  of   the  Supra-renal    Capsules. 
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511.  Lond.  Med.  Rec. 

512.  Henle's**Anatomie.'* 
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514.  Casper's  Wochenschrift. 

515.  Text-book  of  Midwifery.     Spiegelberg  (Eng.  Transl.,  N.  Syd.  Soc.),  1870. 

516.  Archives  italiennes  de  Biologie. 

517.  Arch.  f.  Psychiat 

518.  Arch.  f.  Ophthalmol. 

619.  Maladies  de  Paget.     Wickham,  1890. 

620.  Le9ons  sur  les  sporozoaires.     Balbiani,  1884. 

621.  Brain. 

522.  Nem-olog.  Centralblatt. 

523.  Deut.  Chirurg.     Billroth  and  Liicke. 

624.  Le9ons  sur  les  localizations.     Charcot,  1876-90. 

625.  Epilepsy  and  other  Chronic  Convulsive  Diseases.     Gowers,  1881. 

626.  Journal  of  Mental  Science. 
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527.  Die  Seelenblindheit  als  Herderooheinang  and  ihre  Beziehungen  zur  homonymen 

Hemianopeia,  etc.     Willbrand,  1887. 

528.  Archives  de  Neurologie. 

529.  Der  Yerlauf  motorischen  tind  sensiblen  Bahnen  dnrch  das  Lendenmark  des 

Eaninchens.     Ludwig  and  Woroschiloff,  1874. 

530.  Secondary  Degeneration  of  Spinal  Cord.     Tooth,  1889. 

581.  Ueb.  d.  Function  des  Yierhiigels.     Extract  from  Vratsch,  v.  Monakow,  1883. 
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1875. 

541.  Ueb.  Gehirndruck  u.  Gehimcompression.     Adamkiewicz. 
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552.  Gesammelte  Mittheilungen.     Munk,  1881. 
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558.  Diseases  of  the  Nervous  System.     Charcot  (Eng.  Transl.,  N.  Syd.  Soc),  1877. 
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562.  Die  normale  Regeneration  des  Knochengewebes,  etc.     KoUiker,  1873. 
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580.  Berichte  d.  bot.  Gesellsch. 

681.  VerhaudL  d.  deut  Gesellsch.  f.  Chirurg. 
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583.  Centralbl.  f.  Bakteriolog.  u.  Parasitenkunde. 

584.  Traits  pratique  de  baoteriologie.     Mac^,  1892. 

585.  Chimie  biologique.     Duclaux. 

586.  Die  niederen  Pilze.     Nageli,  1877. 
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^(20.  Manual  of  Dermatology.     Robinson,  1885. 
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633.  Recherches  sur  le  cholera.     Nicati  and  Rietsch,  1886. 
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653.  Untersuch.    Uber    d.     Aetiol.   d.    Wundinfectionskrankheiten.      Koch,    1878 

(Eug.  Transl.,  1880). 
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Abdomen,  retentive  power  of,  ii.  407 

Abrin,  ii.  1002 

Abscess,  formation  of,  ii.   1017  ;  hepatic, 

238,  239  ;  of  kidney,  297  ;  of  lung,  116  ; 

of  mamma,  807  ;  septic,  L  677 
Absorption,  i.  265 
Acardiacus,  ii.  944 
Acarus  folliculonim,  ii.  1082 
Accommodation,  ii.  705 
Acetic  acid  fermentation,  ii.  979 
Acetonaemia,  i.  531 
Achromatic  figure,  i.  853 
Acidity  of  blood,  i.  450 
Acids,  and  alkalies,  action  on  vessels,  i.  327  ; 

gastric,  analysis  of,  ii.  492 
Acue,  ii.  887,  888 
Acrania,  ii.  921 
Acrodynia,  ii.  872 
Acromegaly,  ii.  774 
Actinomyces,  staining  of,  i.  138 
Actinomycosis,  ii.  1021 
Acute  ascending  paralysis,  IL  758 
Addison's  disease,  ii.  781 
Adenoid  post-nasal  growths,  ii.  456 
Adenoma,  i.  164,  400  ;  of  liver,  ii.  244  ;  of 

mamma,  800 ;  of  pineal  gland,  739 
Adhesions,  i.  243,  296 
i£gophony,  ii.  58 

Aerobes,  ii.  966  ;  and  anaerobes,  984 
Agar-glycerine,  L  118 
Agar  medium,  i.  115 
Age,  i.  467 

Aglobulia,  i.  461,  496,  497 
Agnathia,  ii.  918 
Agraphia,  ii.  666 
Ague,  spleen  of,  ii.  789 
Air  embolism,  i.  207,  689 
Air,  expired,  testing,  i.  155 ;  testing  for 

germs,  152 
Air- vesicles,  rupture  of^  ii.  170 
Albukalin,  i.  511 
Albumin,  an  emulsion,  i.   822  ;  a  general 

excretion,   ii.    312 ;   non-excretion  from 

kidney,  312 ;  point  of  excretion  in  disease, 
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312  ;  quantitative  analysis  of,  820  ;  tests 
for,  317 

Albuminoid  disease,  L  167 

Albuminoids,  fermentation  of,  ii.  983 

Albuminous  liquids,  i.  321 

Albumins,  fermentation  of,  iL  983 

Albuminuria,  L  210,  ii.  290,  311  ;  causes 
of;  311 ;  cyclical,  316 ;  definition,  811  ; 
dietetic,  315  ;  in  exophthalmic  goitre, 
315 ;  hematogenous,  811 ;  in  health,  315  ; 
and  heart  disease,  316  ;  hereditary,  814  ; 
intermittent,  316 ;  from  inunction  of 
skin,  315 ;  and  life  insurance,  817 ; 
mechanism,  313  ;  fh>m  medicinal  agents, 
316  ;  from  mental  fatigue,  315  ;  and 
organic  disease  of  kidney,  316 ;  renal, 
811  ;  varieties  of,  314 

Albumoses,  u.  474,  935,  993 

Albumosuria,  ii.  321 

Alcohol,  and  digestion,  ii.  479  ;  effects  of 
excess,  284 ;  effects  on  liver,  212 ;  and 
excretion  of  urine,  828 

Alcoholism,  ii.  762 

Alkalinity  of  blood,  i.  450 

Alkaloids,  bacterial,  ii.  985,  986 

Allan tois,  ii.  914  ;  cloaca,  937 

Alopechia,  ii.  908 

Alum-carmine,  L  78 

Alveolar  sarcoma,  i.  371 

Amaurosis,  ii.  286 

Amenorrhcea,  iL  389 

Ammonia,  i.  472 

Amnesia,  ii.  666  ;  verbalis,  667 

Amnion,  ii.  912 

Amoeba  coli,  ii.  1051 

Amoeboid  movement  theory,  i.  283 

Amphoric  breathing,  ii.  56 

Amyloid,  i.  167  ;  artificial,  170 ;  bodies, 
170,  u.  165  ;  liver,  229 

Amyotrophic  lateral  sclerosis,  iu  757 

Anaemia,  i.  328,  496,  568,  571,  705  ;  in 
Addison's  disease,  ii.  781 ;  degrees  of, 
L  497  ;  from  haemorrhage,  499  ;  from 
organic  disease  of  stomach,   500 ;  per- 
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nicious,  502  ;  from  valvular  disease,  500  ; 
varieties,  499 

Aiuemic  constitutioD,  L  500 

Anaerobes,  ii  966 

Anasarca,  L  380 

Anastomosis,  L  689 

Anchylostoma  duodenale,  it  1068 

Aneurism,  L  590,  662,  670  ;  pulse  in,  718 

Aneurismal  varix,  L  670 

Aneurisms,  pulmonary,  ii.  188 

Angeioma,  ii«  450 

Angeiomata,  L  893 

Angeio-neuroses,  ii.  869 

Angeio-sarcoma,  i.  874 

Angina,  lacunaris  sive  follicularis,  ii.  10, 11  ; 
pectoris,  i.  675 

Angle  of  aperture,  i.  100 

Aniline  dyes,  i.  84 

Animal  parasites,  ii.  1051  ;  of  lung,  179 

Anosmia,  ii.  5 

Antagonism  of  microphytes,  ii.  977 

Anthracosis,  iL  91 

Anthrax,  ii.  297,  510,  910,  978,  989, 
1040;  bacillus,  1042;  life  hjstory,  1045; 
preventative  inoculation,  i.  142  ;  sympto- 
matic, ii.  1046 

Antiabrin,  ii.  1008 

Antitoxine,  ii  999,  1000 

Aortic  disease,  i.  624,  629  ;  and  mitral 
disease,  625,  689  ;  notch,  701  ;  valve, 
610,  615 

Aphasia,  ii.  656 ;  ataxic  or  motor,  660  ; 
meaning  of  terms,  656  ;  motor,  anatomy 
of  parts  in,  664 ;  sensory  or  amnesic, 
666 

Apnoea,  ii.  64 

Apochromatic  lenses,  i.  101 

Apoplexy,  ii.  600 ;  splenic,  1042 ;  spurious, 
602 

Arachnida,  ii.  1079 

Archinephric  duct,  ii.  929 

Argyria,  i.  179 

Arterial  dilatation,  i.  824  ;  pressure,  823, 
healthy,  694,  high,  gauging  of,  707, 
means  of  modifying,  704,  measurement, 
697,  and  disease,  705  ;  recoil,  630,  695  ; 
tension,  550 

Arteries,  i.  660  ;  anastomosis,  689  ;  calcifi- 
cation, 669  ;  closure  after  ligature,  805  ; 
contracted,  695 ;  healing  of,  674 ;  hyaline 
degeneration,  673  ;  hypertrophy,  669  ; 
ligatured,  666  ;  simple  fatty  degenera- 
tion, 663 ;  syphilitic,  664 ;  terminal,  679 ; 
wounded,  healing,  306 

Arteriitis,  atheromatous,  i.  661 ;  deformans, 
661  ;  malignant,  668  ;  obliterans,  664  ; 
points  of  distinction  in  various  forms, 
665  ;  purulent,  667 ;  warty,  667 

Arterio-capillary  fibrosis,  i.  672 ;  sclerosis, 
ii.  288 

Arthritis,  ii.  855 ;  deformans,  859 

Arthropoda,  ii  1079 

Arthrospores,  ii.  967 


Ascaris,  lumbricoides,  ii.  1062 ;  mystax, 
1068 

Ascites,  L  880,  333 

Aspeigillus,  iL  962  ;  glaucus,  960 

Asphyxia,  iL  68 

Asthenia,  cardiac,  L  575 

Asthma,  iL  64 ;  bronchial  spasm,  65  ; 
Clark's  theory,  66;  Curschmann's  spirals, 
68  ;  diaphragmatic  spasm,  65  ;  Leyden's 
crystals,  67  ;  Leyden's  theory,  67  ;  pulse 
in,  L  718 

Ataxia,  hereditary,  ii.  751 ;  locomotor, 
746  ;  paraplegia,  750 

Atelectasis,  iL  171 

Atheromatous  arteriitis,  L  661,  713 

Atmospheric  germs,  Hess's  method,  L  153  ; 
Miquel's  method,  158  ;  Pawlowsky*s  ap- 
paratus, 154 ;  testing  for,  153 

Atresia  ani,  ii.  987 

Atrophy,  L  32,  170  ;  of  muscles,  iL  755 

Atropine,  L  826 

Attenuation  by  chemical  reagents,  i.  145  ; 
by  compressed  oxygen,  145 ;  by  heat, 
143  ;  by  Ught,  146  ;  of  microbes,  141 ; 
of  moulds,  146 

Auditory  cortical  centre,  IL  628 

Automatic  burner,  Koch's,  L  180 

Axillary  glands  in  cancer  of  mamma,  iL 
802 

Axis-cylinders,  swollen,  iL  576,  584 

Azoturia,  iL  827 

Bacilu,  cancerous,  L  407;  tubercular, 
434,  419  ;  syphilitic,  440 

Bacillus,  iL  964  ;  aceti,  979  ;  amylobacter, 
981 ;  of  anthrax,  1042  ;  butyricus,  981 ; 
Chauvaei,  1046  ;  coli,  972  ;  diphtheritic, 
16 ;  fluorescens  liquefaciens  and  non- 
liquefaciens,  975,  976  ;  fluorescens  pu- 
tridns,  975 ;  fcetidus  ozsense,  4  ;  fuscus, 
975  ;  of  glanders,  1084  ;  of  influenza, 
1029  ;  intracellulaxis  meningitidis,  1013  ; 
janthinus,  974  ;  of  leprosy,  898  ;  Inteus, 
974  ;  mallei,  975  ;  pneumoniae,  L  605  ; 
pyocyaneus,  ii.  959,  975,  1014  ;  pyo- 
cyaneus,  fluorescence  of,  976  ;  pyogenes 
foetidus,  1018  ;  septicffimis  heemor- 
rhagice,  1019  ;  septicus  vesicae,  1015  ;  of 
tetanus,  1037  ;  of  tubercle,  culture,  1080 ; 
tuberculosis,  131,  135, 144 ;  of  typhoid, 
988,  1014 ;  smaragdinus  fcetidus,  4  ; 
violaceus,  975 

Bacteria,  chemical  products  from,  IL  985 ; 
staining,  L  133 

Bacterial  life,  conditions  of;  iL  957 

Bacteriology,  practical,  i.  112  ;  systematic, 
iL  957 

Bacterio-purpurin,  ii.  975 

Bacterium  termo,  iL  988 

Balancing,  derangements  of,  ii.  680 

Balanitis,  ii.  384 

Baldness,  ii.  908 

Bartolini's  glands,  suppuration  o^  ii.  421 
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Basal  ganglia,  diseases  of,  ii.  675 

Beggiatoa,  ii.  965  ;  roseo-persicina,  974 

Bidder's  ganglion,  L  563 

Bile  absorption,  ii.  194  ;  acids,  i,  470,  ii. 
194  ;  and  coloor  of  fieces,  517  ;  ducts  and 
adenoma,  246  ;  ducts  in  drrhosis,  220, 
221  ;  ducts,  origin,  188 ;  pigmentation, 
i.  179  ;  secretion  of,  ii.  184  ;  tests,  202 ; 
uses  of,  516 

Bilharzia  hsmatobia,  ii.  1069 

Biondi's  fluid,  ii.  1053 

Bites,  poisonous,  L  332 

Bizzozero  on  thrombosis,  i.  301 

Bladder,  ii.  354  ;  abscess  of,  361 ;  catarrh 
of,  359  ;  cavernous  angeioma,  862  ;  ecto- 
pia of,  915  ;  examination  of,  i.  17 ;  firog's, 
216 ;  gangrene  of,  ii.  360  ;  hairy,  363  ; 
hernia  of,  362  ;  h3rpertrophy,  858  ;  inver- 
sion of,  862  ;  new  formations  in,  368 ; 
normal  functions,  854  ;  structure,  854  ; 
tonic  function  of  muscle,  857 ;  tuber- 
culosis of,  863  ;  villous  disease,  862 ; 
wounds  0^  361 

Blastodermic  vesicle,  ii.  912 

Blindness,  cortical  and  psychical,  ii.  695 

Blood,  i.  444  ;  ash,  445;  circulation  of  cor- 
puscles, 192  ;  circulation  through  tubes, 
207  ;  coagulation,  189,  300, 468 ;  coloured 
corpuscles,  446,  number,  447,  size,  447, 
specific  gravity,  448 ;  colourless  cor- 
puscles, 448  ;  copper-reducing  substance 
in,  526  ;  composition,  dropsy,  327  ;  cor- 
puscle-holding cells,  497 ;  corpuscles, 
484,  formation  of,  494,  giant,  497, 
in  anaemia,  497»  numeration,  455  ;  cor- 
puscular elements,  186  ;  diabetic,  sugar 
in,  525  ;  disinfection  of,  147  ;  effect  of 
physiological  conditions,  465  ;  examina- 
tion, 475 ;  extractives,  445  ;  general 
character  in  health,  444  ;  hsematoblasts, 
186  ;  in  chlorosis,  501  ;  in  gout,  542  ; 
in  rheumatism,  536 ;  leucocyth«mic,513  ; 
neutral  fats,  445 ;  plasma,  445 ;  pro- 
teids,  445  ;  quantity,  445 ;  reaction,  449  ; 
serum,  116,  445,  Unna's  method,  118  ; 
sources  of  corpuscles,  476  ;  sources  of 
leucocytes,  476,  479  ;  specific  gravity, 
328,  444 ;  sugar  in,  523 ;  plates,  800, 
840,  449,  463,  482,  484,  505  ;  pressure, 
234,  828 

Blood-corpuscles,  destruction,  ii.  184 

Blood-vessels,  iL  924 ;  fatty,  i.  674  ;  heal- 
ing, 271,  278,  280,  300  ;  nerve  supply, 
660 ;  normal  structure,  660  ;  peripheral 
and  axial  streams,  195 ;  pernicious 
anaemia,  506 

Bluish-pink  pellicle,  i.  276 

Body- wall,  fissures  of,  ii.  911 

Boils,  iL  887 

Bone,  L  312,  ii.  811  ;  absorption  of,  818, 
815  ;  caries,  849  ;  development  of,  811  ; 
fracture  with  dislocation,  828  ;  flat,  ossifi- 
cation of,  814  ;  fragilitas,  887  ;  grafting. 


817  J  growth  of,  814 ;  healing  of  fractured, 
821 ;  long,  ossification  of,  812  ;  medulla, 
transplantation  of,  820  ;  inollities,  836  ; 
necrosis  of,  824  ;  osteitis,  826  ;  parasiti- 
cal diseases  of,  865  ;  porosis  of,  843  ; 
regeneration,  i.  308 ;  rickets,  ii.  880  ; 
sclerosis  of,  841  ;  syphilitic,  848  ;  trans- 
plantation of  dead,  819 ;  tubercle  of, 
846 ;  tumours  of,  863 ;  tumours  of, 
terms,  i.  868 

Bone-marrow,  i.  477  ;  as  blood  transform- 
ing organ,  489  ;  in  p.  anaemia,  506 

Bothriocephalus  latus,  iL  1075 

Bouillon,  L  112 

Brain,  L  620  ;  abscess  of,  iL  586  ;  chemical 
reaction,  597  ;  circulation  within,  589  ; 
embolism  of,  606 ;  examination,  L  20, 
45 ;  gelatine-potash  method,  48  ;  general 
structure  of,  ii.  626  ;  Giacomini's  pro- 
cess, 1.  47  ;  haemorrhage  into,  subsequent 
changes,  iL  603  ;  hyi)ertrophy  of,  577  ; 
infarction,  i.  682  ;  involution  following 
destruction  of  parts,  ii.  785  ;  membranes 
of,  567 ;  membranes,  tumours  of,  574  ; 
pernicious  anaemia,  i.  506  ;  Pitres'  sec- 
tions, 22  ;  pressure,  ii.  592 ;  pressure, 
treatmeut  of  excessive,  596 ;  variations 
in  volume,  597 

Branchial  arches,  malformations  of,  ii.  917  ; 
clefts,  916 

Bread-paste,  L  119 

Bright's  disease,  ii.  264 

Broad  ligaments,  structure  and  diseases,  ii. 
422 

Broca's  convolution,  iL  658 

Bromine,  i.  150 

Bronchi,  ii.  72  ;  arteries,  39  ;  repair  of 
epithelium,  72 ;  structure  and  attach- 
ments, 72 ;  tuberculosis  of,  90 ;  veins, 
41 

Bronchial  glands,  lithosis,  ii.  100  ;  tuber- 
cular, 143 

Bronchiectasy,  ii.  85,  100,  139 ;  sputum, 
89 

Bronchitis,  L  644,  705  ;  acute  catarrhal,  ii. 
74  ;  chronic,  78 ;  cirrhosis  from,  83 ; 
croupous,  84  j  foetid,  84  ;  organisms,  83  ; 
sputum,  83 

Bronchocele,  iL  776 

Bronchophony,  iL  57 

Brown  induration,  iL  173 

Bruits,  L  653,  654 

Buchanan  on  coagulation,  L  340 

Bulbar  paralysis,  ii.  688,  751 

Burns,  duodenal  ulcer  after,  ii.  520 

Bursas,  accumulations  in,  ii.  863 

Butyric  acid  fermentation,  ii.  981 

Cadavbrink,  ii.  987,  988 

Calcification,  L   182,  592,  613,  662,  669, 

iL  813 
Calculi,  prostatic,  iL  388 ;  urinary,  836 
Calculus,  L  838 
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CaUus,  ii  822 

Camera  lacida,  i.  106 

Camphor  mounting  fluid,  L  94 

Canada  balsam,  i.  95 

Canal  of  Gartner,  ii.  930 

Cancer,  L  400,  it  154;  bacillus,  L  407; 
blood-vessels,  403  ;  bodies,  il  1052 ;  de- 
generations, L  408  ;  formation,  403  ;  of 
liver,  ii.  190 ;  lymphatic  infection,  i.  407  ; 
malignancy,  407  ;  of  mamma,  ii.  801  ; 
melanotic,  i.  408 

Cane-sugar,  ii.  490 

Capillaries,  i.  826,  620,  660  ;  fatty,  674  ; 
hyaline,  673  ;  obstructed,  695 ;  wax-like, 
169,  674 

Carbolic  acid,  i.  149 

Carbon,  assimilation  by  moulds,  ii.  961 

Carbonate  of  ammonia,  L  549 

Carbonic  acid  a  diuretic,  ii  328 

Carbonic  oxide,  L  526 

Carcinoma  of  lung,  ii.  177 

Cardiac,  asthenia,  L  575  ;  ganglia,  563  ; 
nerves  and  heart's  metabolism,  666  ; 
plexus,  561 ;  thrombi,  622 

Cardinal  symptoms  of  inflammation,  i.  259 

Cardiodynia,  i.  575 

Caries,  ii.  849  ;  dental,  866 

Carmine,  i.  77  ;  and  freezing  fluid,  78 

Camification,  ii.  168 

Cartilage,  L  312  ;  inflammation  of,  259 

Cartilages,  articular,  ii.  814 ;  articular,  cal- 
cifled,  862 ;  loose,  862 

Cartilaginous  tumour,  hyaline,  i.  384 

Carton-pierre,  i.  718 

Caseation,  i.  180,  267,  ii.  131 

Casein,  i.  341 

Casts,  i.  715 

Catarrh  of  nares,  ii.  1 

Catarrhal  nephritis,  ii.  266 ;  absorption  from 
tubes,  270;  causes,  273;  colloid  in  tubes, 
271 ;  heart  and  vessels,  273;  interstitial 
complication,  270  ;  morbid  anatomy, 
121;  pneumonia,  i.  243,  ii.  100,  119; 
suppuration,  i.  262,  264  ;  urine  in,  ii.  272 

Cathcartine,  i.  716,  717 

Caton,  instrument  for  fish  tail,  i.  217  ;  in- 
strument for  tadpole's  tail,  216 

Caudate  nucleus,  ii.  675 

Caustic  action  of  cleft-fungi,  ii.  972 

Cavernous  angeioma,  ii.  362  ;  breathing, 
56  ;  angeiomata,  i.  393 

Cavities,  healing  of,  in  lung,  ii.  144 ; 
phthisical,  137,  141,  144 

Cell,  definition,  L  349 

Celloidin,  i.  60 

Cells,  division,  direct,  L  356  ;  indirect 
division,  351  ;  methods  of  demonstrat- 
ing, 357 ;  pathological  division,  355  ; 
reproduction,  350  ;  structur«,  349 

Cercomonaa  intestinalis,  ii.  1055 

Cerebellum,  ii.  680 ;  haemorrhage  into,  602 ; 
rigidity  after,  677 

Cerebral,  aneoiisms,  L   671 ;  convolutions, 


ii.  613  ;  cortex,  lesions  of,  613 ;  hemor- 
rhage, 600 ;  vesicle,  malformations  of, 
923 

Cerebritis,  ii.  582 

Cerebro- spinal  liquid,  i.  344,  iL  592  ; 
normal  pressure,  593 ;  phenomena  follow- 
ing varying  pressure,  593 

Cestoda,  ii.  1070 

Chalk  metastasis,  L  182 

Chancre,  hard,  L  815  ;  soft,  317 

Charcot-Robin  crystals,  i.  611 

Chauveau's  system  of  attenuation,  L  143 

Cheilo-schisis,  ii  917 

Cheyne-Stokes  breathing,  ii.  70 

Chiasma,  lesions  of,  ii.  695 

Chilblains,  ii.  872 

Chimiotaxis,  ii.  1006 

Chloasma,  ii  868 

Chloral,  i  150,  527 

Chlorine,  i  150 

Chloroform,  i  627 

Chloroma,  i  506 

Chlorophyll,  ii.  959 

Clilorosis,  i  600 

Cholagogues,  ii  206 

Cholera  Asiatica,  i  550,  ii  644,  989 ; 
spread  of;  663 ;  state  of  intestine  in, 
652 

Cholera  nostras,  ii  642  ;  spirillum  of,  548  ; 
spirillum,  early  recognition,  660  ;  vacci- 
nation against,  1001 

Cholesteatomata,  ii.  738 

ChoUn,  ii.  987 

Chondroclasts,  ii  813 

Chondroma,  i  384,  ii  805;  of  lung,  176 

Chordae  tendinese,  rupture,  i  620 

Chorea,  ii.  761 

Chromatic  figure,  i  352 

Chronic  interstitial  nephritis,  ii  277 ; 
pneumonia,  i  646,  ii.  138 

Chronic  rheumatic  arthritis,  ii  858 

Chyluria,  ii.  324 

Cicatrised  area,  i  278 

Cicatrising  layer,  i  276 

Cicatrix,  i  271,  681 

Cilia,  ii.  969 ;  and  diagnosis,  971 ;  staining 
of,  969 

Cinnabar,  circulation  through  tubes,  i  209 

Circulation,  blood-corpuscles,  i  211  ;  of 
lymph,  321 ;  through  capillary  tubes, 
207  ;  through  tubes,  196 

Cirrhosis,  ii.  216  ;  bile  ducts,  220,  221. 
223  ;  of  lung,  138 

Cirrhosis  of  liver,  calcified,  ii  225  ;  can- 
cerous, 226 ;  in  children,  226  ;  clinical 
phenomena,  228  ;  complications,  226  ;  in 
lower  animals,  226 ;  lupinous,  225 ; 
nature  of  process,  223  ;  tubercular,  226 ; 
varieties,  226 

Cirrhotic  kidney,  ii  277  ;  arterial  pressure, 
282  ;  causes,  284  ;  dropsy,  286  ;  heart 
and  vessels,  282 ;  retinitis,  286 ;  theories 
of  origin,  282 ;  urine  in,  286 
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Cirsoid  aneurism,  i.  670 

Cladothrix,  ii.  964  ;  dichotoma,  975 

Clarifying  reagents,  i.  90 

Classification  of  mycetes,  ii.  958 

Cleft-fungi,  iL  964 ;  antagonism,  977 ;  caus- 
tic action,  972  ;  fluorescence,  976  ;  gas- 
forming,  976  ;  influence  of  reaction  of 
medium  on,  968  ;  influence  of  sunlight 
on,  974  ;  influence  of  temperature  on, 
968  ;  nomenclature,  964  ;  nourishment, 
956  ;  pigment-forming  properties,  974  ; 
powers  of  movement,  969;  reproduction, 
967;  structure,  964 

Cleft-palate,  ii.  917 

Cloaca,  common  open,  ii.  937 

Clostridium,  iL  964 ;  butyricum,  981 

Clots,  laminated,  L  671 

Cloudy  swelling,  L  172 

Coagulation  of  blood,  i.  300 

Coagulative  necrosis,  L  180 

Coccidia,  ii.  246,  1053 

Coccidium  oviforme,  ii.  1052 

Coccus,  ii.  964 ;  in  kidney,  298 

Cohn's  fluid,  i.  113 

Colic,  ii.  500 

Colloid  bodies,  i.  170  ;  degeneration,  174  ; 
tumour  of  mamma,  ii.  805 

Colonies,  counting  of,  i.  127 

Coloration  of  blood-corpuscles,  i.  484 

Colour  of  organs,  L  34 

Colour-blindness,  ii.  697 

Colour-sense,  ii  697;  Edridge-Green's  theory 
of,  701 ;  Bering's  theory  of,  700 ;  Young- 
Helmholtz  theory  of,  699 

Colpitis,  ii.  418 

Comedone,  ii.  887 

Commissures  of  central  nervous  system,  ii. 
653 

Common  salt,  i.  151  ;  ii^jection  of,  528 

Compound  histioid  neoplasmata,  i.  392 

Conception,  ii.  389 

Concretions,  salivary,  iL  459 

Concussion,  ii.  598 

Condylomata,  L  399 

Conglutination,  L  301 

Conjunctiva,  transplanting,  L  307 

Connective  tissue,  hypertrophy,  L  165 

Contagion  of  anthrax,  ii.  1045 

Convolutions,  cerebral,  ii.  613 

Cornea,  gold  and  silver  staining,  L  249; 
inflam^  251,  252 ;  structure,  245 

Coronary  arteries,  L  576 

Corpora  quadrigemina,  iL  713 

Corpus  callosum,  course  of  fibres  in,  iL  645  ; 
in  edentata,  649 ;  function  of,  651  ; 
secondary  degeneration  of,  650 

Corpus  luteum,  iL  428 

Corpus  quadrigeminum,  ii.  689 

Corrigan,  pulse,  L  712  ;  theory  of  mur- 
murs, 656 

Corrosion  preparations,  L  75 

Corrosive  sublimate,  L  149 

Coryza,  ii.  1 


Cotton  plugs,  L  121 

Coughing,  ii.  69 

Counting  of  colonies,  L  127 

Covering  and  cementing,  i.  96 

Crackling,  ii.  56 

Crack-pot  sound,  ii.  60 

Cranial  topography,  ii.  611 

Craniopagus,  iL  944 

Creatin,  iL  348 

Creatinin,  iL  348 

Crepitation,  iL  56 

Cretinism,  iL  776  ;  foetal,  777 

Crise  h^matique,  i.  483 

Crossed  callosal  tract,  iL  645 

Croup,  ii.  10 

Croupous  exudation,  L  235 

Croupous  pneumonia,  i.  689,  iL  102  ;  com- 
plications, lOd ;  and  embolism,  109 ; 
microphyte,  106 ;  sputum,  106  ;  state  of 
heart,  105 ;  suppuration  in,  105  ;  and 
temperature,  108  ;  termination,  106 

Crusta,  diseases  of,  ii.  677 

Cryptorchid,  ii.  371 

Culture  media,  L  112,  114,  preservation, 
120  ;  tubes,  120 

Curare,  ii.  985 

Curschmann's  spirals,  ii.  68 

Cyanotic  atrophy,  iL  212  ;  induration  of 
kidney,  288 

Cyclopia,  ii.  923 

Cylindroma,  L  375 

Cyphosis,  iL  865 

Cyrtometer,  ii.  164 

Cyrtosis,  iL  865 

Cysticercus  cellulosae,  ii.  1073 

Cystinuria,  ii.  330 

Cystitis,  ii.  359 

Cysts,  L  407,  414,  ii.  914  ;  of  liver,  247  ; 
of  mamma,  796,  799,  805 

Dammar  lac,  L  96 

Decalcifying  fluid,  L  97 

Decomposition,  i.  183 

Degenerations,  i.  170  ;  atrophy,  170  ;  calci- 
fication, 182  ;  caseation,  180  ;  coagula- 
tive necrosis,  180  ;  cloudy  swelling,  172; 
colloid,  174  ;  fatty,  173  ;  gangrene,  183; 
of  hypertrophied  heart,  650 ;  mucoid, 
176  ;  pigmentation,  177 

Demodex  folliculorum,  iL  1082 

De  Benzi,  reaction  of  blood,  i.  450 

Desquamative  nephritis,  iL  266 

Development,  L  162 

Dextrins,  L  521 

Diabetes,  ii.  330  ;  causes,  L  528  ;  insipidus, 
520,  iL  327  ;  mellitus,  i.  520  ;  organs 
in,  529 ;  pancreatic,  iL  560 

Diabetic  coma,  i.  533  ;  organs,  preparation, 
534 

Diaceturia,  L  532 

Diapedesis,  L  224,  280,  233  ;  history,  229 

Diarrhoea,  ii.  537  ;  green,  538  ;  green,  of 
infants,  975  ;  summer,  of  children,  537 
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DiasUtic  ferments,  U.  970 

DicephaluB,  ii.  945 

Dicrotic  wave,  L  701  ;  pulse,  709 

Diet  and  urine,  iL  339 

Diffuse  aneurism,  i.  670 ;  waxy  spleen,  ii. 
787 

Digestion,  alcohol  in,  ii.  479  ;  circum- 
stances influencing,  478  ;  diBordered,  i. 
572  ;  in  horse,  ii  477  ;  influence  of  acids 
and  alkalies  on,  480 ;  influence  of  de- 
pressing nerve  influences  on,  481 ;  infused 
beverages  in,  479;  nerve  control  over, 
481 ;  normal,  468 ;  in  overloaded  stomach, 

480  ;  of  particular  elements  of  the  food, 

481  ;  of  proteids,  473 
Dilatation,  i.  628 

Diphtheria,  i.  607,  ii.  10,  762;  bacillus 
of,  977  ;  Bretonneau,  14 ;  general  con- 
clusions, 22  ;  in  lower  animals,  27  ;  older 
views,  13  ;  urine  in,  27 

Diphtheritic  bacillus,  ii.  16  ;  paralysis,  24 

Diplococcus,  ii.  1010 

Dipygus,  ii.  946 

Direct  division  of  cells,  L  356 

Discharge  from  wound,  i.  278,  283 

Disease,  definition  of,  i.  161 

Diseases  with  high  arterial  pressure,  L  705; 
with  low  arterial  pressure,  708 

Disinfectants — carbolic  acid,  i.  149  ;  chloral, 

150  ;  chloride  of  zinc,  150 ;  chlorine, 
bromine,  and  iodine,  150 ;  common  salt, 

151  ;  corrosive  sublimate,  149  ;  ozonised 
air,  151 ;  phenylpropionic  and  phenyl- 
acetic  acids,  151  ;  sulphurous  acid,  150  ; 
thymol,  149 

Disinfection,  L  147  ;  of  blood,  147  ;  method 
of  experiment,  148  ;  organisms  of  sup- 
puration, 151 

Dissecting  aneurism,  i.  670 

Diuresis,  ii.  327 

Diverticulum  ilei,  ii.  913 

Division  of  pathological  cells,  i.  355 

Dochmius  duodenalis,  ii.  1063 

Dracunculus  medinensis,  ii.  1068 

Drawing,  microscopic,  i.  106 

Dropsical  liquids,  i.  340  ;  coagulation,  340; 
decomposition,  342 ;  proteids,  342 ; 
proteids  and  diagnosis,  344 

Dropsy,  i.  318 ;  definition,  322  ;  general 
causes,  323  ;  nomenclature,  330 ;  special, 
330 

Dry  lenses,  i  101 

Dull  sound,  iL  59 

Duodenum,  acute  perforating  ulcer  of,  ii. 
520  ;  dilaUtion  of,  521 

Dysentery,  ii  540 ;  English,  542 

Dysmenorrhoea,  ii.  890  ;  membranous,  394 

Dyspepsia,  ii.  487  ;  acid,  488  ;  from  fats, 
497  ;  fermentation  test  in,  498  ;  flatu- 
lent, 497  ;  pathology  of  symptoms,  501 ; 
from  proteids,  496 

Dysphagia,  ii.  464 

Dyspnoea,  ii  61 


Ear,  enlargement  of,  in  rabbit,  i  324 

Earthworms  and  anthrax,  ii  1045 

Eberth  and  Schimmelbusch  on  thrombosis, 
i  301 

Ebumation,  ii  857 

Ecthyma,  ii.  879 

Ectopia  vesicae,  ii  915 

Eczema,  u.  878 

Eichorst's  corpuscles,  i  497,  505 

Elephantiasis,  ii.  893 

Elythritis,  ii  418 

Embedding,  i  60;  mixture  for  bone  and 
tooth,  62 

Emboli,  septic,  i  677 

Embolic  infarction,  ii.  285,  310 

Embolism,  i  677 ;  air,  207, 689 ;  encephalic, 
ii.  606 ;  fat,  i  687  ;  and  inflammation, 
235  ;  pulmonary,  685 

Emesis,  ii.  500 

Emphysema,  i.  644,  705,  ii  161 

Empyema,  ii.  35 

Encephalitis,  ii  582 

Encephalocele,  ii.  923 

Endoarteriitis  chronica,  nodosa  s.  defor- 
mans, i  661 ;  verrucosa,  667 

Endocarditis,  i  595  ;  chronic  changes,  599; 
diabetic,  607 ;  from  gout,  600 ;  idio- 
pathic, 609  ;  malignant,  600 ;  morbid 
anatomy,  596 ;  organisms  of;  601,  608, 
604,  605  ;  pneumonic,  607 ;  rheumatic, 
595  ;  sites,  596 

Endocardium,  structure,  i  594 

Endometritis,  ii  392  ;  acute,  392 ;  chronic, 
393 ;  gangrenous,  396 ;  membranous, 
394 

Endothelial  desquamation,  i  240 

Endotheliomata,  ii.  738 

Endothelium,  i  397  ;  of  vessels,  483 

Enteritis,  croupous,  ii  542 

Enteroliths,  ii.  556 

Enuresis,  ii.  357 

Enzymes,  ii  978,  985 ;  bacterial,  992 

Eosin,  i  83 

Ephelides,  ii.  868 

Epididymitis,  ii  374 

Epignathus,  ii.  945 

Epilepsy,  ii.  739  ;  artificial,  741  ;  nerve 
centres  in,  741 

Epiphysial  line,  ii  814 

Epispadia,  ii  937 

Epistaxis,  ii.  2 

Epitheliomata,  i  897 

Epithelium,  i  397  ;  of  air- vesicles,  ii  120  ; 
in  healing,  i  268,  273  ;  pulmonary,  243  ; 
regeneration,  307 

Erb's  paralysis,  ii  755 

Erysipelas,  ii.  873,  978,  1104 

Erythema,  ii.  869,  871  ;  nodosum,  872 

Esbach's  tubes,  ii  320 

Esmarch's  method,  fhictional  culture,  i  126 

Essential  paralysis,  ii  753 

Etiology  of  pulmonary  tuberculosis,  ii  151 

Eucalyptol,  i  283 
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Eustrongylus  gigas,  ii.  1064 

Exudation,  inflammatory,  L  285  ;  of  liquid, 

232 
Exudations,  i.  319,  830 
Eyeball,  effect  of  destruction,  ii.  692 
Eyeballs,  movements  of,  ii.  706 

Facui/tativb  parasites,  ii.  958 

Fseces  in  jaundice,  ii.  191 

Fallopian  tubes,  ii  411  ;  atresia,  412 ; 
hsBmorrbage  from,  412 ;  hydrops  of,  411 

False  aneurism,  L  670 ;  membranes,  235, 
il  15 

Farrants'  solution,  i.  98 

Fat  embolism,  i.  207,  533,  687,  iL  296 

Fat-splitting  ferment,  iL  473 

Fatty  degeneration,  i.  173,  581  ;  heart, 
medico-legally,  585 ;  infiltration,  166, 
581,  ii.  208  ;  tumour,  i.  383 

Favus,  ii.  903 

Ferment,  fat-splitting,  ii.  473  ;  lactic  acid, 
473 ;  milk-curdling,  472 

Fermentation,  iL  960,  964,  978  ;  butyric 
acid,  981  ;  chemical  interchanges,  979  ; 
by  cleavage,  980 ;  continuous,  979  ;  by 
microbes,  980 ;  by  oxidation,  979 ;  by 
reduction,  980  ;  by  schizomycetes,  981  ; 
by  yeast,  980 

Fermentations,  organic,  iL  980 

Ferments,  ii.  978,  985  ;  bacterial,  992  ; 
organised,  978  ;  of  stomach,  fate  of,  483 

Fever,  i.  345,  ii.  1096  ;  cause  of  death  in, 
1102 ;  products  of  metabolism,  1100  ; 
puerperal,  396  ;  relapsing,  1047  ;  respira- 
tory and  circulatory  phenomena,  1102  ; 
rise  of  temperature  after  death  in,  1103  ; 
a  salutary  process,  1103  ;  source  of  heat, 
1102  ;  spIeniQ,  1042  ;  stages,  1096  ;  tem- 
perature in,  1097  ;  traumatic,  1100 

Fevers,  different,  temperature  in,  ii.  1103 

Fibrinous  lymph,  L  296 

Fibroblasts,  i.  271 

Fibro-chondroma,  i.  386 

Fibroid  phthisis,  i.  646,  ii.  138 

Fibroma  of  mamma,  ii.  797 

Fibrous  tissue,  and  healing,  i.  271  ;  regener- 
ation, 807  ;  tumour,  381 

Filaria  sanguinis  hominis,  iL  324,  893, 
1066 

Filtering  organisms,  L  132 

Fish  tail,  i.  217 

Fissura  abdominalis,  ii.  915 

Fissura  stemi,  iL  916 

Fistula  in  ano,  ii.  146 

Fistula  colli,  iL  920 

Fistula,  lymph,  L  342  ;  salivary,  iL  459 

Flat  sound,  ii.  59 

Flat  worms,  ii.  1070 

Flatus,  ii.  499 

Flesh,  tubercular,  L  484 

Flies  as  disseminators  of  contagion,  iL  1046 

Floating  kidney,  iL  310 

Flukes,  iL  1068 


Fluorescence  of  oi^nisms,  ii.  976 

Foetal  membranes,  diseases  of,  ii.  949 
tissues,  transplantation,  L  311 

Foetus,  harlequin,  ii.  885  ;  tubercular,  952 

Fourth  ventricle,  puncture,  i.  527 

Fowls,  tubercular  infection  from,  i.  433 

Fractional  cultivation,  L  124 

Freckles,  ii.  868 

Freezing  fluids,  L  58 

Friction  sound,  ii.  57  ;  theory  of  murmurs, 
L  656 

Friedreich's  disease,  ii.  751 

Frog's  bladder,  L  216  ;  lung,  216  ;  mesen- 
tery, 215 ;  tongue,  215,  225 ;  web, 
circulation,  192,  214 

Fungi,  classification,  958  ;  functions  of, 
959 

Fungous  granulations,  ii.  852 

Fungus  benignus,  ii.  376 

Furunculi,  ii.  887 

Fusiform  aneurism,  L  670 

GADiNiir,  iL  987 

Gall-bladder,  diseases  of,  iL  207  ;  in  fatty 
liver,  211 

Gall-stones,  iL  208 

Ganglion,  ii.  863 

Gangrene,  L  183  ;  of  lung,  iL  117 

Gangrene-lung,  iL  100 

Gartner's  canal,  cyst  of,  iL  424 

Gas  cysts,  iL  556  ;  of  vagina,  420 

Gas  in  pleura,  ii.  168 ;  in  stomach,  ab- 
sorption of,  498 

Gastric  juice,  iL  471 

Gastro-schisis,  ii.  915 

Gastroxia,  ii.  491 

Gastroxynsis,  iL  491 

Gelatine  and  freezing  fluid  mixture,  i.  61 

Gelatine-potash  method — brain,  i.  48 

G^lose,  iL  969 

Grenital  cord,  ii.  931 ;  glands,  malforma- 
tions of,  928  ;  organs  and  passages,  mal- 
formations of,  934  ;  tuberculosis,  410 

Genito-urinary  phthisis,  iL  803  ;  tuber- 
culosis, 146 

Germicides,  iL  156 

Germs,  atmospheric,  testing,  L  152 

Giant-cells,  L  291,  iL  815,  816 

Gibson  on  blood-coi-puscles,  i.  493 

Gilder's  putty,  L  719 

Gin-drinker's  liver,  ii.  216 

Gland  tissue,  inflamed,  i.  244 

Glanders,  iL  989,  1032 

Glands,  Ijrmphatic,  cancer  of,  ii.  802 

Glans  penis,  iL  383 

Glass  troughs  for  cultures,  i.  126 

Glioma,  i.  373 

Gliomata,  iL  737 

Globulin,  tests  for,  ii.  817.  820 

Glomerulo-nephritis,  i.  647,  ii.  291 

Glosso-labial  paralysis,  ii.  683 

Glycerine,  L  95  ;  agar,  118 ;  jelly,  44,  60, 
(Hamilton)  94 
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Glycogen,  L  521,  il  188,  192  ;  liver,  205 ; 

stain  for,  205 
Glycogenetic  function,  i  621 
Glycogenic  function,  i.  622 
Glycosuria,  i.  520 ;  experimental,  527 
Goitre,   endemic,    iL    776 ;    exophthalmic, 

777 
Gold  stain,  L  88 
Gold-stained  cornea,  t  249 
Golgi's  sUin,  i.  83 
Gonococcus,  ii  368,  977,  1014 
Gonorrhoea,  ii  367 
Gonorrhoea!  rheumatism,  L  585 
Gout,  L  538,  705,  ii  284  ;  diaphragmatic, 

i    576 ;    pathological    anatomy,    548 ; 

theories,  544 
Gouty  kidney,  ii  277 

Gowers,  htemoglobinometer,  i.  453  ;  numer- 
ation of  blood -corpuscles,  459 
Gram's  process  of  staining,  i  134 
Granite  workers  and  dust  disease,  ii  99 
Granulation,  healing  by,  i  274  ;  tissue,  274 
Granulations  of  cerebral  ventricles,  ii  574  ; 

flabby,    i.    278  ;    formation    of,    278  ; 

fungous,  ii.  852  ;  influence  in  healing,  i 

283  ;  natural  atrophy,  284 
Grape-sugar,  i  341,  528  ;  estimation  of,  ii. 

333  ;  tests  for,  380 
Gray  hepatisation,  ii  104 
Growth,  i  162 
Guanin,  ii.  348 
Gubemaculum  testis,  ii  371 
Guinea- worm,  ii  1068 
Gummata,  i.  439,  664,  ii  236 

Hadbrnkbankheit,  ii.  1041 

Hemacytometer,  i  455,  459 

Heematoblasts,  i  300,  340,  449,  468,  482, 
(Hayem's)  186,  484 

Hsematocele,  ii  415,  421 ;  pelvic,  426 

Hffimatoidin,  i  178 

Hematoma  of  dura  mater,  ii  604 

Heematoxylene,  i.  79 ;  regeneration,  82 ; 
stain  (Hamilton),  81 

Hsematozoa,  of  animals,  ii  1061 ;  of 
malaria,  1056 

Hematuria,  ii  324 

Haemocytes,  i  462  ;  sources  of;  479 

Hemoglobin,  i  177,  341,  460,  462,  505  ; 
in  disease,  454  ;  estimation  of,  450  ;  tests 
for,  ii  324 

Haemoglobinometer,  i.  452,  453 

Hemoglobinuria,  ii  322  ;  in  animals,  323 

Hemolysis  and  urine,  ii  323 

Hemophilia,  i  470 

Hemoptysis,  ii.  135 

Hemorrhage,  i  461,  507,  510;  cerebral, 
ii  600 ;  in  infarction,  i.  680  ;  pericardial, 
556  ;  pulmonary,  ii.  159 ;  vital  pheno- 
mena, i.  499 

Hemorrhagic  infarction,  ii  179 

Hairy  polypus,  ii.  3 

Hard  chancre,  i  315 


Hardening,  i  54 ;  brain,  56 ;  solutions 
"A,"  "B,"**C,"etc,  54 

Harelip,  ii.  917 

Harlequin  foetus,  ii.  885 

Harvest  bug,  ii  1080 

Haversian  spaces,  ii.  818 

Hay  fever,  ii.  1 

Hayem  on  thrombosis,  i  301 

Headache,  ii  501 

Head-kidney,  ii.  928 

Healing,  i  268 ;  of  arteries,  674 ;  by  first 
intention,  269 ;  by  inunediate  union,  268  ; 
method  of  studying,  273  ;  by  second 
intention,  274 ;  by  secondary  adhesion, 
285  ;  under  scab,  286  ;  summary,  286 

Health,  definition  of,  i  161 

Heart,  accelerated  beat,  i  568,  569  ;  aneur- 
ism, 590 ;  base  muscles,  621  ;  branches 
of  sympathetic,  560 ;  branches  of  vagus, 
561  ;  calcification,  592  ;  cloudy  swelling, 
583  ;  contraction,  695,  697,  698  ;  dilata- 
tion, 628 ;  examination  of,  6 ;  fatty 
infiltration  and  degeneration,  581 ;  fibre, 
examination  of,  13  ;  functional  diseases, 
559  ;  hypertrophied  degeneration,  650  ; 
hypertrophy,  629  ;  idiopathic  hyper- 
trophy, 649 ;  irregularity,  674  ;  malfor- 
mations of,  593,  ii.  924  ;  muscle,  auto- 
matism, i.  664  ;  myocarditis,  589  ;  nerve 
supply,  559  ;  orifices,  623  ;  pernicious 
anemia,  506 ;  pigmentation,  687  ;  re- 
tarded beat,  573  ;  rhythm,  702 ;  rupture, 
687  ;  syphUitic  disease,  592  ;  tonic  func- 
tion, 631  ;  tumours,  593  ;  valvular  lesion, 
570  ;  wax-like  disease,  588  ;  weights  and 
measurements,  578,  in  disease,  644,  preg- 
nancy, 650 

Heartburn,  ii  499 

Heart-disease,  ii  154 

Heat,  animal,  ii  1087  ;  animal,  localities  in 
which  generated,  1091 ;  animal,  sources, 
1090  ;  in  asphyxia,  63  ;  production  and 
temperature,  1094 

Heidenhain,  excretion  of  albumin,  ii  313 

Hemialbumose,  ii.  321 

Hemianopsia,  U.  693 

Hemiopia,  ii  693 

Hemiplegia,  a  688,  676 

Hepatic  colic,  ii  208 

Hepatisation,  ii.  104 

Hermaphroditism,  ii.  986 

Hernia,  congenital,  ii.  872 ;  funis,  915 

Herpes,  ii  879 ;  circinatus,  871  ;  of  glans 
and  prepuce,  384 ;  iris,  871 ;  labialia, 
445 

Hess's  method,  atmospheric  germs,  i.  158 

Hiccough,  ii.  70 

Hippocratic  succussion,  ii.  57 

Hippuric  acid,  ii  340 

Hobnail  liver,  ii  216 

Hoppe-Seyler,  hemoglobin,  i  461 

Horns,  i  399 

Howship*s  lacune,  ii  815 
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Hyaline  degeneration,  i.  671,  678 ;  fibroid 
substance,  673 

Hyaline-fibroid,  ii.  283 

Hyboma,  ii.  865 

Hybosis,  iL  866 

Hydatids,  iL  1076  ;  of  pleura,  37 

Hydraemia,  i.  328 

Hydranmion,  ii.  949 

Hydrencephalocele,  i.  330,  836 

Hydrocele,  ii.  373 ;  congenital,  i.  388,  ii. 
372 ;  encysted,  i.  338 ;  in  female,  ii. 
427 

Hydrocephalus,  i.  330,  333 

Hydromeningocele,  i.  336 

Hydromyelia,  i.  336 

Hydronephrosis,  L  338 

Hydropericardium,  i.  330,  832,  557 

Hydrophobia,  prophylaxis,  ii.  1002 

Hydrops,  ii.  429,  431  ;  lacteus,  i.  341 

Hydrorachis,  i.  330,  336 

Hydrothorax,  i.  330,  332 

Hydruria,  ii.  327 

Hygroma,  ii.  868 

Hypalbuminosis,  i.  466,  496 

Hyperalbuminosis,  i.  465,  496 

Hyperinosis,  i.  496 

Hypertrophy,  i.  32,  164,  628  ;  of  arteries, 
669  ;  of  bladder,  ii.  358  ;  of  brain,  577  ; 
of  kidney,  302  ;  of  pulmonary  muscle, 
179  ;  of  testicle,  372  ;  heart,  time  re- 
quired, i.  650;  from  valvular  disease, 
628 

Hyphomycetes,  ii.  960 

Hypinosis,  i.  496 

Hypinotic  diseases,  i.  471 

Hypospadia,  ii.  937 

Hypoxanthin,  i.  510,  ii.  348 

Ichthyosis,  ii.  883 

Icterus  epidemius,  iL  200 ;  neonatorum, 
201 

Immersion  lenses,  i.  101 

Immunity,  ii.  996  ;  from  antitoxic  serum, 
999  ;  cause  of,  1003  ;  from  disease,  L 
146 ;  regional  and  hereditary,  ii.  1008  j 
against  ricin  and  abrin,  1002 

Impetigo,  iL  878 

Inanition,  i.  466 

Inclusio  fcetalis,  iL  945 

Incubation  chamber,  L  128 

Indigo  and  urine,  iL  336 

Indigo-carmine,  i.  79 

Indirect  division  of  cells,  L  351 

Indol  in  cultures,  ii.  994 

Infantile  spinal  paralysis,  ii.  758 

Infarction,  L  602,  679,  iL  285  ;  artificial, 
L  686 

Infiltrations,  L  166 

Inflamed  omentum,  i.  241 

Inflammation,  i.  185 ;  cardinal  symptoms, 
259  ;  of  cartilage,  259  ;  changes  in  fixed 
tissues,  239  ;  cold-blooded  animals,  214, 
222  ;  connective  tissue  proliferation,  241, 


242 ;  definition,  185 ;  endothelial  de- 
squamation, 240  ;  exudation  of  liquid, 
232  ;  of  gland  tissue,  244  ;  of  lung,  243  ; 
of  muscle,  248  ;  nervous  infiuence,  218  ; 
pain,  259 ;  parenchymatous,  260  ;  red- 
ness, 260  ;  swelling,  260  ;  temperature, 
259 ;  vascular  and  tissue  changes,  185  ; 
vascular  parts,  method,  214 ;  vascular 
phenomena,  222  ;  warm-blooded  animals, 
226 

Inflammatory  affections  of  arteries,  L  661  ; 
effusion,  fate,  265 

Influenza,  iL  1028,  1104 

Infused  beverages  and  digestion,  iL  479 

Ingesta  and  tuberculosis,  L  482 

Injecting,  i.  70  ;  apparatus,  73 

Injection  of  lymphatics,  i.  75,  321 

Inner  capsule,  lesions  of,  iL  676 

Inoculating  a  tube,  i.  128 

Inoculation  of  animals,  i.  139 ;  of  tubercle, 
431 

Insanity,  ii.  153 

Insecta,  ii.  1082 

Insects  as  disseminators  of  contagion,  iL 
1046 

Intermittent  fever,  i.  551 

Interstitial  nephritis,  L  647 

Intestine,  iL  515  ;  catarrh  of,  518  ;  dis- 
eases of  follicular  tissue,  521  ;  examina- 
tion of,  L  1 7  ;  gas  cysts,  iL  556 ;  intus- 
susception of,  535  ;  micro-organisms  of, 
517  ;  obstruction  of,  535  ;  perforation  of, 
563 ;  secretions  and  excretions  poured 
into  it,  515 ;  tubercular,  146 ;  tuber- 
culosis, 581 ;  tumours  of,  555;  venereal 
affections,  555 ;  wasting  of,  555 ;  waxy 
disease,  554 

Iodine,  L  150 ;  stain,  89 

Iodoform,  i.  238,  298 

Iron  in  blood,  L  450 

Ischiopagus,  iL  944 

Ischuria,  ii.  358 

Jacksonian  epilepsy,  iL  739 

Janiceps,  iL  944 

Jars,  museum,  L  52 

Jaundice,  iL  190 ;  from  catarrh,  197 ; 
causes,  198  ;  degrees  of,  193  ;  epidemic, 
200  ;  haematogenous,  193 ;  from  heart 
disease,  198 ;  in  infants,  201  ;  nervous, 
199  ;  nervous  phenomena,  192  ;  without 
obstruction,  198 ;  from  obstruction  of 
bile  ducts,  194  ;  from  poisons,  199  ;  from 
starvation,  198  ;  terminations,  201 

Johann  Duncan,  chlorosis,  i.  460 

Joints,  ii.  811 ;  arthritis  deformans,  859 ; 
chronic  rheumatic  arthritis,  858  ;  fun- 
gous, 849  ;  in  gout,  L  543 ;  inflammation 
of,  iL  855;  lipoma  of,  863;  in  rheu- 
matism, i.  536  ;  senile  changes  in,  iL 
857  ;  suppurating,  856  ;  syphilitic,  845  ; 
tubercle  of,  846  ;  tubercular,  846  ;  wax- 
like  disease  of,  862 
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Keloid,  B.  892  ! 

Keratitis,  i.  252 ;  Oohnbeim's  early  views,  , 
i.  252,  later  yiews,  253  ;  method,  251  ; : 
Strieker's  riews,  255  ;  summary,  256  ;  I 
suppurative,  253 

Kidney,  abscess,  ii.  297 ;  adenoma,  307 ; 
anatomical  and  physiological  details,  I 
251  ;  anthrax,  297  ;  cancer,  306  ;  ca- ' 
tarrhal  nephritis,  266 ;  cirrhotic,  277  ; ' 
connective  tissue,  257 ;  course  of  tubes,  I 
255  ;  cyanotic  induration,  288 ;  cystic 
disease,  809  ;  disease  and  cardiac  hyper- 
trophy,  i.  647  ;  diseases  of  pelvis,  ii.  364  ; 
epithelium,  255  ;  and  excretion  of  nitro- 
gen, 339  ;  fat  embolism,  296  ;  fatty  de- 
generation, 288  ;  fatty  infiltration,  287  ; 
fibrous  tumour,  307  ;  floating,  310 ; 
genito-urinary  phthisis,  303 ;  glomerulo- 
nephritis, 291 ;  hsemorrhagic  sarcoma, 
306 ;  hypertrophy,  302  ;  innervation, 
258;  in  jaundice,  192  ;  in  leucocythae- 
mia,  301 ;  lipoma,  306,  308 ;  lymphatics, 
257  ;  myoma,  307  ;  paranephritis,  301  ; 
parts  concerned  in  excretion,  260 ;  powers 
of  excretion,  261  ;  pyelo-nephritis,  298  ; 
replacement  by  fat,  308  ;  sarcoma,  306  ; 
scarlet  fever,  291;  tubercle,  302  ;  in  valvu- 
lar disease  of  heart,  288 ;  wax-like,  273 

Kidneys,  i.  616  ;  examination  of,  15  ;  in 
gout,  544  ;  hypertrophy,  165 ;  infarction, 
680 

Kjeldahl's  process  for  estimating  nitrogen, 
ii.  344 

Knop  and  Hufner's  process  for  estimation 
of  urea,  ii.  342 

Koch's  gelatine,  i.  114 

Lactic  acid,  i.  511,  637  ;  ferment,  il  473 

L»nnec  on  phthisis,  IL  130 

Lardaceous  disease,  i.  167 

Laryngismus  stridulus,  ii.  7 

Laryngitis,  acute  membranous,  ii.  10,  11  ; 
croupous,  i.  235 

Larynx,  abscess,  ii  9  ;  catarrh,  8  ;  disease  of 
cartilages,  30 ;  functional  diseases,  6 ; 
oedema,  9  ;  organic  diseases,  8  ;  para- 
lysis, 7 ;  spasm,  7 ;  spasm  of  muscles,  6 ; 
syphilitic,  30  ;  tubercle,  28  ;  tubercular, 
146  ;  tumours,  30;  typhoid,  28;  wasting 
of  muscles,  8 

Lateral  sclerosis,  ii.  757 

Lead  poisoning,  i.  705,  ii.  284 

Leech  secretion,  i.  472 

Leiomyoma,  i.  388 

Lenses,  i.  101 

Lenticular  nucleus,  ii.  675,  686 ;  loop, 
690 

Leontiasis,  ii.  896 

Lepra,  ii.  896 

Leprosy,  ii.  896 ;  bacillus  of,  898 ;  and 
tubercle  compared,  901 

Leptomeningitis,  iL  569 

Leptothrix,  M.  964 


Leptos  autumnalis,  ii.  1080 

Leucin,  L  511,  u.  345 

Leucocytes,  i.  449,  462,  481,  505 ;  numera- 
tion, 458  ;  proliferation  of,  264 

Leucocythaemia,  i.  503,  508  ;  etiology,  516  ; 
kidney  in,  ii  301 

Leucocythsemic  blood,  L  449 

Leucocytosis,  i.  518 

Leucomaines,  ii.  991 

Leuconostoc,  ii.  967 

Leucorrhcea,  ii  392;  infantile,  421 

Leukaemia,  i  508 

Leukoplasia,  buccal,  ii  448 

Lichen,  ii  888 ;  urticatus,  871 

Liebig's  method  for  estimating  urea,  ii  341 

Liebreich,  reaction  of  blood,  i  450 

Ligatures,  i  306 

Lipaemia,  i  207,  530,  688 

Lipoma,  i  383,  ii.  565,  863 

Lipomatous  sarcoma,  i  378 

Lips,  ii  443,  445 ;  tumours  of,  445 

Lipuria,  ii.  827 

Liquid,  exudation  of,  inflammation,  i  232  ; 
vein,  656 

Liquids,  dropsical,  i  340 ;  preparation  of 
for  staining,  139  ;  of  tissues  as  solvents, 
298 

Lister's  flask,  i.  121 

Lithates,  ii  347 

Lithic  acid,  ii.  346 

Lithopeedion,  ii.  415 

Lithosis,  ii.  97 

Lithuria,  ii  335 

Liver,  i.  619,  ii  180  ;  absorption  by  capil- 
laries, 240 ;  acini  of,  182  ;  acute  yellow 
atrophy,  231 ;  adenoma  of,  222,  244  ;  ana- 
tomical details,  180  ;  bacterial  necrosis, 
286  ;  calcified,  225 ;  cancer,  190,  244  ; 
cells,  division  of,  219  ;  cirrhotic,  216  ; 
cyanotic  atrophy,  212  ;  cysts,  247  ;  de- 
formities from  pressure,  207;  displace- 
ment of,  206 ;  distribution  of  its  vessels, 
182  ;  effect  of  extremes  of  diet  on,  204  ; 
examination  of,  i  14  ;  fatty  infiltration, 
ii  208  ;  fibromata,  248  ;  functions,  183  ; 
infarction,  235 ;  large  cirrhotic,  220 ; 
malarious  fever,  240;  pain  in  disease 
of,  203 ;  pathological  zones,  181 ;  phos- 
phorous poiso;iing,  234;  pigmentation, 
242 ;  pseudo-acute  yellow  atrophy,  238 ; 
pyaemic  abscess,  239;  sarcomata,  248  ; 
small  cirrhotic,  216  ;  syphilitic,  236  ; 
ti*opical  abscess,  238  ;  tuberculosis,  242  ; 
typhoid,  248  ;  wax-like,  229 

liocomotor  ataxia,  ii  746 

Lordosis,  ii.  865 

Louis  on  phthisis,  ii  129 

Lung,  abscess,  ii  116 ;  acuteatrophy  of;  171 ; 
blood  supply,  38  ;  brown  induration, 
173 ;  cirrhosis  of,  138, 165 ;  cirrhosis  from 
bronchitis,  83 ;  collapse,  165,  166 ;  con- 
genital deficiency  of,  171  ;  croupous 
pneumonia,  102 ;    disease  and    cardiac 
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hypertrophy,  i.  644  ;  duct  diseases,  ii. 
91  ;  frog's,  i.  215 ;  functional  diseases, 
ii.  61 ;  gangrene,  100,  117  ;  infarction, 
L  683 ;  oedema  of,  339,  689,  ii.  176  ; 
stmctnral  details,  38  ;  syphilitic,  172  ; 
tubercle  propagated  by  the  blood-vessels, 
147  ;  tubercle  propagated  by  lymphatics, 
150  ;  tubercular,  in  lithosis,  100  ;  tuber- 
culosis, 129  ;  tumours  of,  176  ;  in  val- 
vular disease,  i.  637  ;  vaso-motor  nerves, 
iu  49 

Lungs,  examination  of,  i.  14 

Lupinous  cirrhosis,  ii.  225 

Lupus,  i.  437 

Lutein,  i.  179 

Lymph,  circulation,  i.  321 ;  composition, 
319;  fistula,  342;  glands,  477,  515; 
glands  as  blood  -  transforming  oigans, 
493  ;  hearts,  321 ;  obstruction,  326 

Lymphangeioma,  i.  395,  ii.  449 

Lymphatic  glands,  examination,  i.  19 

Lymphatics,  injection,  i.  321  ;  of  endocar- 
dium, 595  ;  pulmonary,  ii.  146 

Lymphoid  tumours,  i.  510 

Lymphorrhoea,  iL  894 

Lympho-sarcoma,  i.  377  ;  of  lung,  ii.  176 

Macrocheilia,  ii.  445 

Madura  foot,  ii.  1027 

Malacosteon,  ii.  836 

Malaria,  ii.  1055 

Malarious  fever,  ii.  240 

Malassez,  haemoglobin,  l  452 ;  numera- 
tion of  blood-corpuscles,  455 

Malformations,  ii.  909 ;  causes,  909 ;  classi- 
fication of,  909 ;  of  genito-urinary  organs, 
928 ;  of  heart  and  blood-vessels,  924 ;  of 
limbs,  939 ;  of  primitive  cerebral  vesicle, 
923 ;  of  skull  and  spine,  921 

Malignancy,  signs  of,  i.  360 

Malignant  pustule,  ii.  1041 ;  sore-throat,  11, 
12 

Mallein,  ii.  989,  1087 

Maltose,  i.  520  ;  fermentation  of,  ii  981 

Mamma,  ii.  791 ;  abscess  of,  807  ;  cancer, 
L  403  ;  hypertrophy  of,  ii.  146,  794  ; 
inflammation  of,  794  ;  lactating,  793  ; 
male,  diseases  of,  809  ;  neuralgia  of,  792 ; 
normal  structure,  791 ;  tubercular,  i.  434, 
ii.  809  ;  tumours  of,  795  ;  warty  growth 
in  cancer  of,  806 

Maniacs,  pulse  in,  i.  714 

Mannite,  fermentation  of,  u.  982 

Mask,  making  of,  i  718 

Mastitis,  ii.  794 

Mastodynia,  ii.  792 

Maternal  impressions,  ii.  911 

Maxilla,  inferior,  iL  917 

Measles,  ii.  910,  1103 

Meckers  diverticulum,  ii.  913 

Medico-legal  reports,  i.  37,  41 

Medulla  oblongata,  iL  682 ;  hsemorrhage 
into,  693 


Megalocytes,  L  447,  462,  505 

Melsena,  ii.  520 

Melancemia,  L  551 

Melanine,  L  178 

Melanotic  cancer,  i.  408  ;  sarcoma,  370 

Mellituria,  L  520,  iL  330 

M^ni^re's  disease,  iL  680 

Meningitis,  i.  602,  iL  567 ;  from  ear  disease, 
573  ;  epidemic  cerebro  -  spinal,  573  ; 
tubercular,  570;  vital  phenomena,  674 

Meningocele,  L  330,  336,  iL  923 

Menorrhagia,  ii.  389 

Menses,  retained,  ii.  420 

Menstruation,  L  467,  ii.  153 ;  and  its 
disorders,  388 

Merismopedia,  iL  964 

Merycism,  iL  600 

Mesentery,  examination,  L  215,  217  ;  in- 
flamed, 222,  226,  239 

Metalbumin,  i.  341 

Metallic  tinkling,  ii.  67 

Methsemoglobin,  ii.  322 

Methyl-guanidin,  iL  988 

Metritis,  ii.  898 

Metrorrhagia,  ii.  389 

MTadyean's  tube,  L  120 

Microbacterium,  ii.  964 

Microbes,  attenuation  of,  L  141 

Micrococcus,  L  603;  albicans  amplus,iL  977; 
albicans  tardissimus,  977  ;  cereus  flavus, 
974  ;  cinnabareus,  974  ;  citreus  con- 
glomeratus,  977  ;  lacteus  faviformis, 
977  ;  luteus,  974  ;  prodigiosus,  974  ; 
pyogenes  tenuis,  1013 ;  roseus,  974 ;  sub- 
flavus,  977  ;  tetragenus,  L  606,  ii.  1013, 
1049 

Microcytes,  i.  447,  462,  496 

Microcythaemia,  L  496 

Micro-organisms  of  suppuration,  i.  263  ;  of 
alimentary  canal,  ii.  617 

Microscope,  L  98  ;  accessories,  109  ;  choos- 
ing a,  103  ;  magnifying  power,  107  ; 
testing  a,  105 

Microtome,  Cathcart's,  i.  67  ;  large  freez- 
ing, 64  ;  Lewis's,  %^  ;  Rutherford's,  62, 
63 ;  Williams's,  66 

Microtomes,  i.  62 

Micturition,  ii.  366 

Miescher's  cylinders,  iL  1052 

Miliaria,  iL  879 

Miliary  aneurism,  L  672 

Milium,  ii.  887 

Milk,  circulation  of,  through  tubes,  L  208  ; 
spots,  558  ;  tubercular,  433 

Milk-curdling  ferment,  ii.  472 

Miquel's  method,  atmospheric  germs,  L  153 

Mitral  disease,  L  624,  638 ;  valve,  611,  614 

Models,  L  715,  718  ;  of  paper,  719 

Moist  chamber,  L  126 

Moles,  ii.  950 

Molluscum,  iL  890  ;  bodies,  891 

Momentum  of  blood,  i.  694 

Monocrotic  pulse,  i.  711 
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Monsters,  double  and  triple,  ii.  940 

Morbus  Werlhofii,  i.  546 

Mordants,  i.  133 

Morphia,  i.  527 

Motor  centres,  ii.  614  ;  effects  of  destruc- 
tion, 621  ;  in  Man,  619  ;  in  monkey,  614 

Moulds,  iL  960 ;  chemical  composition, 
961  ;  conditions  of  growth,  961 ;  cul- 
tures of,  961  ;  question  of  their  becom- 
ing parasitic,  962 ;  types  of,  960 

Mounting  fluids,  i.  93 

Month,  ii.  443,  446 ;  tubercle  of,  449 

Mucoid  degeneration,  i.  176 

Mucor,  ii.  962 ;  mucedo,  960 

Mtiller's  duct,  ii  929 

Multiple  neuritis,  iL  762 

Mumps,  ii.  457 

Murmurs,  anaemic,  L  654, 658  ;  cardiac  and 
vascular,  652  ;  cardiac,  direction,  657  ; 
causes,  656,  iL  53 ;  dynamic,  L  656  ; 
endocardial,  653  ;  ezocardial,  652  ;  func- 
tional, 654  ;  harsh  and  grating,  659  ; 
musical,  658 ;  organic,  653  ;  respiratory, 
abnormal,  ii.  55  ;  vascular,  i.  653 

Muscarin,  ii.  988 

Muscle,  colloid  of,  i.  175  ;  hypertrophy, 
165  ;  inflamed,  243 ;  in  healing,  271  ; 
regeneration,  308 

Muscles,  atrophy  of,  ii.  755 

Muscular  exertion,  L  570 

Musculi  papillares,  hypertrophy,  i,  636 

Museum  preparations,  L  43 

Mycetes,  chemical  actions,  ii.  959  ;  classifi- 
cation, 958 

Mycetoma,  ii.  1027 

Mydalein,  ii.  988 

Mydatoxine,  iL  988 

Mydine,  iL  988 

Myelitis,  ii.  582 

Myocarditis,  L  244,  577,  589 

Myocardium,  diseases,  L  581 

Myoma,  L  388 ;  cardiac,  593 

Myosin,  L  341 

Myxo-cylindroma,  i.  376 

Myxoedema,  iL  771 ;  treatment  of,  773 

Myxomatous  d^neration,  i.  176  ;  sarcoma, 
369 

Nails,  favus  of,  ii.  903 

Nares,  ii.  1 ;  bleeding  from,  2  ;  catarrh  of, 
1 ;  fibrous  polypus,  3 ;  syphilitic  disease, 
4  ;  tumours,  2 

Necrosis  of  bone,  ii.  824 

Nematoda,  IL  1062 

Nephritis,  i.  705,  ii.  265 ;  chronic  inter- 
stitial,  277 

Nerve  cells,  ii.  586  ;  diseases  of,  575  ; 
Golgi's  stain,  L  83 

Nerve  fibres,  diseases  of,  iL  576  ;  Pal's 
stain,  L  82  ;  Pal-Exner  stain,  83 

Nerves,  regeneration,  i.  809  ;  of  endocar- 
dium, 595  ;  peripheral  stain,  82 

Nervous  system,  i.  218,  ii.  567 ;  ansemia  and 


hypensmia,  600 ;  diseases  of  basal  ganglia, 
675  ;  diseases  of  blood-vessels,  581  ; 
diseases  of  histological  elements,  575 ; 
diseases  of  lymph- vessels,  581 ;  hyaline 
condition  of,  579  ;  involution  following 
destruction  of  peripheral  parts,  734  ; 
plan  of,  642 ;  syphilitic  affections  of, 
587  ;  tumours  of,  787  ;  wax-like  disease 
of,  580 

Neumann's  hiematoblasts,  L  489 

Neuridin,  iL  987 

Neurin,  iL  987 

Neuritis,  ii.  761,  762 

Neuroglia,  ii.  585  ;  diseases  of,  576 

Neuromata,  L  892  ;  fibrous,  388 

Neuro-retinitis,  ii.  285 

New  formations,  L  359 

Nipple  in  cancer,  ii.  795  ;  Paget's  disease 
of.  803 

Nitrates,  reduction  of,  iL  995;  reduction 
of,  by  cleft-fungi,  966 

Nitrogen,  absorption  of,  by  deft-fungi,  ii. 
966  ;  assimilation  by  moulds,  961  ;  esti- 
mation of,  344  ;  excretion  of,  by  kidney, 
339  ;  free  absorption  of,  995,  996 

Nodes,  syphilitic,  iL  843 

Noma  of  cheek,  iL  447  ;  of  labium  m^gus, 
421 

Norris's  corpuscle,  i.  190 

Nose,  elephantiasis  of,  ii.  894 

Note-taking,  L  37 

Nurses,  phthisical,  L  432 

Nutritive  artery  of  bone,  iL  818  ;  gelatine, 
L  114 

Oblioatort  parasites,  iL  958 

Obliterative  pneumonia,  iL  109 

Occipital  lobes,  iL  695 

Occipito-parietal  band,  ii.  694 

Odontoma,  L  388,  iL  867 

Odour  of  organs,  L  35 

(Edema,  L  328,  330,  339  ;  of  lung,  689, 

iL  176 
CBsophagismus,  ii.  465 
(Esophagus,  ii.  461 ;   action  of  corrosives, 

464  ;  dilatation,  463 ;  examination  of,  i. 

17  ;  post-mortem  digestion,  iL  464 
Oidium,  u.  961 
Oil  and  coagulation,  i.  472 
Old  age,  L  706  ;  pulse  in,  714 
Olfactory  cortical  centre,  ii.  624 
Oligemia,  i.  496 
Oligocythsemia,  L  496 
Olivary  bodies,  iL  680 
Omentum,  examination,  L  217  ;  inflamed, 

227,    228,    239 ;     inflamed,    connective 

tissue  proliferation,  241 
Omphalo-mesenteric  duct,  ii.  913 
Ophthalmoplegia,  ii.  706 
Optic  nerve,  connections  of,  ii.  687  ;  effect 

of  division  of,  693 
Optic  neuritis,  iL  708  ;  retina  in,  712 
Orchitis,  ii.  374 
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Organisation,  i.  267,  268  ;  of  thrombus, 
302  ;  of  porous  bodies,  287 

Organisms,  filtering,  i.  132 

Oi*gans,  colour,  i  34 ;  consistence,  33 ; 
contour,  33  ;  cut  surface,  34 ;  microscopic 
examination  of,  36  ;  odour,  35 ;  in  per- 
nicious ansemia,  505  ;  size,  32 ;  squeezing 
and  scraping,  35 ;  surface  and  edges,  33  ; 
weight,  31 

Ossification,  ii.  811  ;  points  of,  814 

Ossifying  sarcoma,  i.  368 

Osteitis,  ii.  826  ;  deformans,  827 

Osteoblasts,  ii.  812 

Osteoclasts,  ii.  816 

Osteoid-sarcoma,  i.  368 

Osteoma,  i.  369,  387,  ii.  805 

Osteoma lachia,  ii.  836 

Osteomyelitis,  ii.  828 

Osteophagi,  ii.  816 

Osteoporosis,  ii.  816 

Osteo-sarcoma,  L  368 

Ovarian  ascites,  malignant  cells  in,  ii.  437  ; 
dropsy,  429,  431 

Ovary,  ii.  428  ;  cancer  and  sarcoma,  439  ; 
chondroma  of,  439  ;  cicatrices  in,  429  ; 
cirrhosis  of,  441  ;  cystoma  dermoideum, 
438  ;  cystoma  glandulare,  433  ;  cystoma 
myxoidea  papillare,  434 ;  development 
of,  930  ;  displacements  of,  441  ;  inflam- 
mation of,  440  ;  myoma  of,  439  ;  myx- 
oid, dermoid,  and  papillary  tumours, 
431  ;  results  of  ovulation,  428 ;  structure, 
428  ;  tubercle  of,  439 

Oxaluria,  ii.  334 

Oxyuris  vermicularis,  ii.  1063 

Ozsena,  ii.  3 

Ozonised  air,  i.  161 

Pachtmeninqitis,  ii.  567 ;  heemorrhagica, 
604 

Paget's  disease  of  nipple,  ii.  803,  1052 

Pain,  L  259  ;  in  hepatic  disease,  ii.  203 

Painful  subcutaneous  tubercle,  i.  390 

Painting  museum  preparations,  L  53 

Palato-schisis,  ii.  917 

Pal-Exner  stain,  i.  88 

Palpitation,  L  568  ;  influence  of  nerves, 
568 

Pal's  stain,  L  82 

Pancreas,  ii.  560 ;  cysts,  561 ;  diseases 
of  ducts,  561 ;  examination  of,  i.  19  ; 
fat  necrosis,  ii.  561  ;  inflammation  of, 
561  ;  neoplasms,  562 

Pancreatic  diabetes,  ii  560 

Papillae,  reconstruction,  i  278 

Papillomata,  i.  398 

Paraflin,  embedding  in,  i.  61 

Paralbumin,  L  341 

Paralysis,  acute  ascending,  ii  758  ;  diph- 
theritic, 24  ;  essential,  753  ;  peripheral, 
762  ;  reflex,  759  ;  spastic,  757  ;  urinary, 
759 

Paramecium,  ii.  1055 


Parametritis  and  perimetritis,  ii.  409 

Paranephritis,  ii  301 

Paraphasia,  ii.  667 

Paraphimosis,  ii.  384 

Paraplegia,  ataxic,  ii  750  ;  urinary,  769 

Parasites,  ii  958  ;  animal,  1051 

Parenchymatous  inflammation,  i  260  ; 
nephritis,  ii.  266 

Paroophoron,  ii.  931 

Parosmia,  ii.  6 

Parotitis,  acute  infective,  ii.  457 

Parovarian  cysts,  ii.  424 

Parovarium,  ii  931 

Pasteur's  fluid,  i  13  ;  preventative  inocula- 
tion, anthrax,  142  ;  system  of  attenua- 
tion, 141 

Pavy's  method  for  separating  sugar  from 
blood,  i.  624 

Pawlowsky's  apparatus,  atmospheric  germs, 

i  154 
j  Pectoriloquy,  ii.  58 

Pediculi,  ii.  1082 

Pedunculated  hydatid,  ii  929,;  hydatid 
of  Morgagni,  373 

Pellagra,  ii  872 

Pelvic  hiematocele,  ii  415,  426 

Pemphigus,  ii.  880 

Penicillium  glaucum,  ii  960 

Penis,  cancer,  ii.  384 

Pentastoma,  ii.  1082 

Peptonsemia,  i  470 

Peptone,  i  511 

Peptones,  U.  473,  474,  476,  483  ;  fate  of, 
483  ;  tests  for,  321 

Peptonuria,  ii.  320 

Peptotoxin,  ii.  987 

Percussion,  normal,  ii.  59  ;  sounds,  physical 
causes,  69  ;  stroke,  i  701 

Perforating  ulcer,  i  317 

Periarteriitis,  i  668  ;  nodosa,  668 

Pericarditis,  i  652  ;  etiology,  555 

Pericardium,  adherent,  1.  646  ;  structure, 
552  ;  tumours,  556 

Periosteitis,  ii  824 

Periosteum,  transplantation  of,  ii.  820 

Peripheral  paralysis,  ii.  762 

Perisplenitis,  ii,  788 

Peritoneum,  ii  562 ;  cancer,  566 ;  lipo* 
mata,  565  ;  tuberculosis,  564 

Peritonitis,  i  239,  241,  262,  705,  ii  662 

Perityphlitis,  ii.  654 

Perlsucht,  i  432 

Pernicious  anaemia,  i  497,  502  ;  etiology, 
607 

Perosmic  acid  stain,  i.  89 

Pertussis,  ii.  8 

Pettenkofer's  test  for  bUe  acids,  ii.  202 

Phagocytes,  i  266,  293 

Phagocytosis,  ii.  241,  1004 

Pharynx,  ii  461 

Phenylacetic  acid,  i  161 

Phenylpropionic  acid,  i  151 

Phlebectasy,  i  692 
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Phlebitis,  L  691 

Phleboliths,  ii.  425 

Phonometry,  ii  60 

Phosphaturia,  U.  329 

Phosphorous  poisoning,  i.  585,  ii  234 

Photogenous  organisms,  ii.  976 

Photography,  L  111 

Phthisis  and  cancer,  ii  154  ;  contagiosity, 
154  ;  etiology,  151  ;  from  hemorrhage, 
158  ;  and  heart  disease,  154  ;  and  preg- 
nancy, accouchement,  lactation,  etc., 
153;  pulmonary,  i  645,  ii.  130,  185, 
144  ;  pulmonary,  absence  of  foetid  odour, 
145 ;  pulmonary,  healing  of  cavities,  144 

Piarrhsmia,  i  530 

Picro-carmine,  i  78 

Picro-lithijim-carmine,  i  78 

Pigment,  ii  822,  974 ;  of  cleft-fungi,  con- 
ditions of  secretion,  975 ;  extraneous,  i 
179  ;  inhaled,  179 

Pigmentation,  i  177}  587  ;  in  Addison's 
disease,  ii  781,  782 ;  spurious,  868 

Pig  typhoid,  ii.  630 

Pineal  gland,  adenomata,  ii  739 

Pituitary  body,  double,  ii.  945 

Pityriasis  rubra,  ii.  868  ;  versicolor,  906 

Placenta,  diseases  of,  ii.  949 ;  as  a  filter, 
1046  ;  infarcts  of,  950 ;  inflammation 
of,  952  ;  syphilitic,  952 

Plasmodia  of  malaria,  ii.  1056 

Pleomorphism,  ii.  959 

Plethora,  i  465,  466 

Plethysmograph,  i  695 

Pleura,  ii.  32  ;  gas  in,  168  ;  perforation  of, 
166,  170  ;  tubercle,  36  ;  tumours,  36 

Pleurisy,  i  236,  ii.  32  ;  and  tuberculosis, 
36 

Pleuro- pneumonia  of  cattle,  ii.  102,  111  ; 
microbe  of,  114  ;  of  oxen,  i  236 

Plexiform  angeiomata,  i  393 

Pneumaturia,  ii  328 

Pneumobacillus,  ii.  106 ;  liquefaciens 
bo  vis,  114 

Pneumococcus,  i.  605,  ii.  106 ;  staining  of, 
i  138 

Pneumogastrics,  i.  527 

Pneumograph,  Marey's,  ii.  42 

Pneumokonioses,  ii.  91 

Pneumomycosis  aspergillina,  ii.  962 

Pneumonia,  i  705  ;  acute  catarrhal,  ii.  119 ; 
anthracoid,  1040  ;  of  cattle,  102,  111  ; 
chronic  interstitial,  138  ;  croupous,  102  ; 
obliterative,  109 ;  suppurative  interstitial, 
117;  tubercular,  129  ;  vagus,  110;  wan- 
dering, 110 

Pneumopericardium,  i  557 

Pneumothorax,  ii.  166 

Poikilocjrtes,  i.  463 

Poisons,  interception  of,  ii  189 

Polarisation,  i  340 

Poliomyelitis  anterior,  ii.  758 ;  anterior 
chronica,  754 

Polydactylism,  ii.  946 


Polydipsia,  ii  327 

Polymastia,  ii.  794 

Polypi,  i.  411  ;  channel,  413  ;  mucous, 
411  ;  muscular,  413  ;  sarcooiatous,  413 

Polypus  of  urethra,  ii  870 

Polythelia,  ii  794 

Polyuria,  ii.  327 

Pompholyx,  ii.  879 

Pons,  diseases  of;  ii  678  ;  hsemorriiage 
into,  678 

Porencephalia,  ii  581 

Portal  vein,  constriction,  i  528 ;  throm- 
bosis, 675 

Post-nasal  adenoid  growths,  ii  456 

Potash  salts,  i.  550 

Potato  paste,  i  119 ;  sterile,  119 

Potter's  lung,  ii  98 

Pouchet's  apparatus,  atmospheric  germs,  i 
156 

Predicrotic  wave,  i.  701 

Prefrontal  region,  effect  of  lesions  of,  ii. 
622 

Pregnancy,  i.  467,  705  ;  extra-uterine,  ii 
412 ;  and  heart  disease,  i  650  ;  multiple, 
ii.  940 ;  ovarian,  416  ;  peritoneal,  416 

Preparations,  museum — brain,  i.  45  ;  gly- 
cerine jelly  for,  44  ;  hand,  43  ;  ophthid- 
mic,  45 

Prepuce,  ii  388 

Preservative  fluid,  i.  70 

Pressure,  arterial,  i  694 

Preyer,  haemoglobin,  i.  451 

Prickle  cells,  i.  357 

Primary  lateral  sclerosis,  ii  757 

Proctodseum,  ii  933 

Propeptonuria,  ii.  321 

Prophylaxis,  i.  147 

Proscolex,  ii  1072 

Prostate,  u.  382  ;  calculi,  838 

Proteids,  digestion  of,  ii.  473;  dropsical 
liquidis,  i.  341,  842 

Proteolytic  ferments,  ii  979 

Proteoses,  ii  474 

Proteus,  ii  984 

Protozoa,  ii.  1051 

Prurigo,  ii.  889 

Psammoma,  i  879,  ii  788 

Pseudo-tuberculosis,  i  437 

Psoriasis,  ii.  881 ;  buccal,  448 

Psorospermia,  ii.  804,  1052 

Ptomaines,  i  550,  ii.  975,  985,  986  ;  table 
of,  990 

Pudendal  hsematocele,  ii  421 

Pudendum,  diseases  of,  ii.  420 

Pulex,  ii.  1082 

Pulmonary  artery,  valve,  i  614;  oedema, 
323 

Pulmonary  tuberculosis,  contagiosity,  ii. 
154  ;  death,  158  ;  spread  o^  145  ;  treat- 
ment, 155 

Pulse,  i  696,  705,  ii.  191 ;  in  aneurism,  i. 
713  ;  in  arteriitis,  718  ;  in  asthma,  713  ; 
Corrigan's,  712 ;  dicrotic,  709 ;  of  high 
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pressure,  706  ;  of  low  pressure,  709  ;  in 
maniacs,  714 ;  monocrotic,  711  ;  in  old 
age,  714  ;  rapidity  in  disease,  699 ;  tri- 
crotic,  711 ;  in  valvular  disease,  711  ; 
varieties,  698 ;  water-hammer,  712 ;  wave, 
696 

Pupil  reflexes,  ii.  704 

Purpura,  i.  546  ;  hsemorrhagica,  470 

Pus,  i.  262 ;  formation  of,  242 ;  methods 
of  examining,  264 

Putrefaction,  i  183,  ii.  960,  983  ;  organ- 
isms of,  983 

Putrescine,  ii.  987,  988 

Py»mia,  i.  677,  iL  1017 

Pyemic  abscess,  L  602 

Pyelo-nephritis,  ii.  298 

Pygopagus,  ii  945 

Pyocyanin,  iL  975 

Pyogenic  organisms  in  Man,  ii.  1016 ; 
source,  1016 

Pyothorax,  ii.  35 

I^rramidal  fibres,  ii.  652 

QuiiONE,  i.  233 

Rao-pickers'  disease,  ii.  1041 

Rainey's  capsules,  ii  1052 

Ranula,  ii.  457  ;  of  pancreas,  561 

Raynaud's  disease,  ii  763 

Reagents,  microscopic,  i.  77  ;  staining,  77 

Red  hepatisation,  ii.  103  ;  softening,  587 ; 
zone,  i  681 

Redness  of  inflammation,  i.  260 

Reduction  of  nitrates,  ii  995 

Reflex  paralysis,  ii.  769 

Regeneration  of  tissues,  i  307 

Relapsing  fever,  ii.  1047,  1104 

Remak's  ganglion,  i  563 

Renal  inadequacy,  ii  327 

Reports,  \.  37,  41 

Respiration,  i.  696 ;  influence  of  brain 
tracts,  ii  49 ;  influence  of  superior  and 
inferior  laryngeals,  48 ;  influence  of  vagus, 
48  ;  inspiratory  and  expiratory  centres, 
47  ;  movements,  42 

Respirarory  bundle,  ii.  46  ;  centres,  44  ; 
murmur,  normal,  62 ;  murmurs,  abnormal, 
66  ;  murmurs,  cause,  63  ;  muscles,  auto- 
matism, 47  ;  sounds,  physical  causes,  52 ; 
volume,  49 

Retentive  power  of  abdomen,  ii.  407 

Retinitis,  ii.  286 

Rhabdomyoma,  i.  390 

Rheumatic  gout,  i  636 

Rheumatism,  i.  636 ;  theories,  637 

Rhinoscleroma,  ii.  895 

Rhizopoda,  ii.  1051 

Rhonchi,  ii  56 

Ricin,  immunity,  ii.  1002 

Rickets,  ii  830  ;  fcetal,  835 

Rigidity  after  cerebral  haemorrhage,  ii.  677 

Ringworm,  ii.  904 

Roaring,  ii.  8 


Rodent  ulcer,  i.  408 

Rose,  ii.  873 

Roseola,  ii.  872 

Rumination,  ii.  500 

Runeberg's  experiments  on  filtration,  i.  322 

Rupia,  ii.  885 

Russell's  fuchsin  bodies,  ii.  1065  ' 

Saccular  aneurism,  i  670 

Sago  spleen,  ii  785 

Salicylic  acid,  i  233 

Saliva,  influence  in  digestion,  ii  469 

Salivary  concretions,  ii  469  ;  fistula,  469  ; 
gland,  cancer,  i  405 ;  glands,  ii.  456  ; 
glands,  tumours,  458 

Salpingitis,  ii  411 

Salt  frog,  i  253 

Salt  solution,  i  472 

Sanderson's  system  of  attennation,  i  143 

Saprsmia,  ii.  1020 

Saprin,  ii.  987 

Saprophytes,  ii.  958 

Sarcina,  ii  964,  1048  ;  lutea,  974 

Sarcoma  of  lung,  ii.  176 ;  of  mamma,  796 

Sarcomata,  i  369;  alveolar,  371;  of  bone, 
368 ;  degenerations,  380  ;  embryonic 
significance,  360  ;  giant-cell,  366  ;  lipo- 
matous,  378 ;  melanotic,  370 ;  myxo- 
matous, 369  ;  oat-seed-like,  366  ;  round 
cell,  361 ;  spindle-cell,  363  ;  spindle-cell, 
reproduction,  366 

Scalds,  duodenal  ulcer  after,  ii.  620 

Scarlatina,  ii  1103 

Scarlet  fever,  ii.  910 ;  kidney,  291 

Schafer,  reaction  of  blood,  i  460 

Scheuerlen's  bacillus,  i  407 

Schistoprosopia,  ii.  918 

Schizomycetes,  ii.  964 

Sciatic,  division  of,  i  220 ;  nerve,  328 

Scleroderma,  ii  892 

Sclerosis,  ii  676  ;  difiuse,  577  ;  insular, 
678 ;  insular  or  disseminated,  742  ; 
primary  lateral,  757  ;  systemic,  577 

Scolex,  ii.  1073 

Scoliosis,  ii.  865 

Scrofula,  i  436 

Scrotum,  ii  383 

Scurvy,  i.  647  ;  stomatitis  of,  ii.  447 

Scutula,  ii.  903 

Sebaceous  glands,  diseases  of,  ii.  886 

Seborrhcea,  ii  886 

Secondary  degeneration,  ii  714  ;  ascending, 
726;  bilateral,  717;  descending,  724; 
destination  of  ascending  tracts,  727  ; 
distance  to  which  the  tracts  descend, 
723  ;  from  lesions  of  cord,  723  ;  in  nerve 
trunks,  714;  periods  in,  719;  of  posterior 
nerve  root,  730  ;  progressive  alteration, 
729 ;  structural  alterations,  728  ;  at 
various  levels,  719 

Sectio  cadaveris,  i  1  ;  aorta,  19 ;  bladder, 
17  ;  brain,  20  ;  external  appearances,  4  ; 
first  incision,  5  ;  general  examination  of 
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organs,  31  ;  head,  20 ;  heart,  6 ;  instru- 
ments,  2 ;  kidneys,  15  ;  liver,  14  ; 
lungs,  14  ;  lymphatic  glands,  19  ;  mea- 
surement of  liquids,  5 ;  mouth,  larynx, 
and  pharynx,  19  ;  oesophagus,  17  ;  pan- 
creas,  19  ;  reagents,  4  ;  semilunar  gan- 
glia, 19  ;  spinal  cord,  29  ;  spleen,  15  ; 
stomach  and  intestines,  17  ;  supra-renal 
capsules,  17  ;  typhoid,  19  ;  ureters,  16  ; 
vena  cava,  19 

Section-cutting,  i.  62  ;  preparation  for,  58  ; 
serial,  68  ;  serial,  Weigert,  69 

Sections  through  brain,  i.  23 

Segmental  duct,  ii.  929 

Semicircular  canals,  ii.  680 

Semilunar  ganglia,  examination,  i.  19 

Senftleben  experiment,  L  304 

Septic  abscess,  i.  677  ;  emboli,  677 

Septicaemia,  ii.  1018  ;  hsemorrhagica,  1019  ; 
of  mice,  1018;  of  rabbits,  1019 

Serum,  antitoxic,  ii.  999  ;  in  coagulation  of 
blood,  i.  302  ;  germicidal,  ii.  1001 

Serum-steriliser,  L  117 

Sex,  L  467 

Sheep,  Algerian,  immunity  of,  iL  997 

Shock,  L  471 

Sibilant  sounds,  it  56 

Siderosis,  ii.  101 

Silicosis,  ii.  97 

Silver,  stain,  i.  88  ;  stained  cornea,  249 

Simple  histioid  tumours,  i  381 

Sinuses,  ii.  854  ;  cerebral,  thrombosis  of, 
581 

Situs  transversus,  ii.  946 

Skin,  ii.  868  ;  cancer,  i.  406 ;  inunction 
and  albuminuria,  ii.  315  ;  oedema,  i.  328  ; 
pigmentation  of,  ii.  781  ;  pigmented, 
868';  vesicular  diseases  of,  879 

Skin-grafting,  i.  277,  307 

Smallpox,  ii.  910 

Small  red  granular  kidney,  ii.  277 

Snake-poison,  ii.  985 

Sneezing,  ii.  70 

Snoring,  ii.  70 

Soft  chancre,  i.  317 

Soil  as  harbourer  of  pathogenic  organisms, 
ii.  977 

Soot,  inhalation  of  in  phthisis,  iL  156 

Sounds  of  heart,  prolongation,  i.  659 

Spanaemia,  i  496 

Spasmotoxine,  iL  988 

Spastic  paralysis,  ii.  757 

Spectroscope  and  haemoglobin,  iL  324 

Speech,  physical  basis  of,  ii.  657 

Spermatocele,  iL  373 

Sphygmogram,  and  blood-pressure,  i.  697  ; 
normal,  701  ;  in  old  persons,  702 

Sphygmograph,  i.  700 

Sphygmotonometer,  i.  696 

Spina  bifida,  L  336 

Spinal  cord,  circulation  within,  iL  590  ;  ex- 
amination, i.  29 ;  and  excessive  atmo- 
spheric pressure,  ii.    598  ;  haemorrhage 


into,  603  ;  section,  L  527  ;  tracts  in,  iL 
715 

Spine,  curvature  of,  iL  865 

Spirillum,  iL  964  ;  cholem  Asiatics,  975 

Spirocheto,  iL  964  ;  Obermeieri,  1047 

Spirometer,  Hutchinson's,  iL  50 

Splashing  sound,  iL  57 

Spleen,  L  417,  619,  iL  784  ;  of  ague,  789  ; 
as  blood'transforming  organ,  L  485  ;  ex- 
amination of,  15 ;  infarction,  681 ;  in 
jaundice,  ii.  192  ;  in  leucocythaemia,  i. 
513  ;  pernicious  anaemia,  506  ;  sinuses  of, 
ii.  787  ;  syphilitic,  788 ;  thickening  of 
capsule,  788  ;  tubercle  of,  788  ;  tumours 
of,  789  ;  typhoid,  790 ;  venous  engorge- 
ment, 785  ;  wax -like,  785 

Splenic,  artery,  i.  486  ;  fever,  iL  1042  ; 
vein,  L  485 

Splenification,  ii.  167 

Splenotomy,  L  487 

Spondyl-olisthesis,  ii.  866 

Sponge,  organisation,  i.  287  ;  siliceous,  294 

Spores,  endogenous,  ii.  967 

Sporozoaria,  iL  1052 

Sprue,  iL  538 

Sputum,  bronchiectasy,  iL  89  ;  bronchitis, 
83 ;  croupous  pneumonia,  106 ;  phthisical, 
L  432 ;  in  pulmonary  tuberculosis,  iL  145 ; 
staining  of,  L  139 

Squibb's  method  for  estimating  urea,  ii.  343 

Stagnation,  inflammation,  cause,  L  231 

Staining,  double,  bacteria,  L  134 ;  of 
bacteria,  133  ;  reagents,  77 

Stammering,  ii.  658,  673 

St.  Anthony's  Fire,  iL  873 

Staphylococcus,  ii.  1010 ;  pyogenes  albus, 
1012  ;  pyogenes  aureus,  i.  605,  iL  829, 
974,  988,  1010 

Starch,  action  of  saliva  on,  ii.  469  ;  ferment- 
ation of,  981 

Statistics  on  endocarditis,  i.  595 

Steam,  sterilisation  by,  L  122 

SterUisation,  L  122 

Stethometer,  Sanderson's,  iL  43 

Stethoscope,  ii.  53 

Stimulants,  action  on  wounds,  L  285 

Stings,  L  332 

Stomach,  iL  466  ;  acids  of,  analysis,  492  ; 
acids  of,  tests  for,  494 ;  acute  perforating 
ulcer,  507  ;  cancer,  510 ;  catarrh,  505  ; 
dilatation,  503 ;  diphtheritic,  509  ; 
examination  of,  L  17  ;  fasting,  ii.  468  ; 
follicular  ulceration,  507  ;  functional 
diseases,  487 ;  oi^ganic  diseases,  503  ; 
organic  disease  and  detection  of  hydro- 
chloric acid,  511 ;  polypi,  myomata, 
sarcomata,  513  ;  post  •  mortem  diges- 
tion, 506 ;  secretions  of,  471  ;  state  at 
various  periods  of  digestion,  477  ;  stenosis 
of  pylorus,  512 ;  structure  and  func- 
tions, 466  ;  tubercle,  513 

Stomatitis,  ii.  446 

Strangury,  ii.  358 
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Streptococcus,  ii.  1010 ;  pyogenes,  i.  606, 
ii.  829,  1012  ;  pyogenes  albus,  829 

Streptothrix  of  Eppinger,  ii.  975 

Stricture  of  urethra,  ii.  370 

StrobUa,  ii.  1078 

Stroma  of  cancers,  i.  402 

Strongylus  duodenalis,  ii.  1063 

Struma,  ii.  776 

Succinic  acid,  i.  511 

Suctorial  worms,  ii.  1068 

Sudamina,  ii.  879 

Sugar  in  blood,  L  523  ;  in  diabetic  blood, 
525  ;  generation  of,  from  proteids,  ii. 
J  88  ;  history  of,  i.  520;  history  of,  in 
stomach,  ii  478 

Sulphur  grains,  ii.  965 

Sunlight,  influence  on  cleft-fungi,  ii.  974 

Superfoetation,  ii.  940 

Suppuration,  i.  242,  262 ;  causes,  262 ; 
of  cornea,  253 ;  definition,  262 ;  and 
organisms,  ii.  1016 ;  organisms  of,  856, 
1010  ;  organisms,  disinfection,  i.  151  ; 
and  peptonuria,  ii.  320 

Supra-renal  capsules,  ii.  780  ;  examination 
of,  i.  17  ;  hypertrophy  of,  ii.  783  ;  re- 
moval of,  780 ;  supernumerary,  783  ; 
tumours  of,  783 

Swelling,  inflammatory,  i.  260 

Sympathetic,  pernicious  anaemia,  i.  506 

Symptomatic  anthrax,  ii.  1046 

Synophthalmia,  ii.  923 

Syntonin,  ii.  473 

Syphilis,  I  592,  ii.  285,  910 ;  of  bone,  843 ; 
of  larynx,  30;  of  lung,  172 ;  of  membranes 
of  brain,  568  ;  of  nares,  4  ;  of  placenta, 
952  ;  of  teeth,  867  ;  of  testicle,  376  ; 
and  tract  lesions,  587 

Syphilitic  bacillus,  i.  440  ;  liver,  il  236  ; 
stain,  i.  137 

Syringomyelia,  i.  336 

Tactile  sensibility,  centres  for,  ii.  621 

Tadpole's  tail,  L  216 

Taenia,  echinococcus,  ii.  1076  ;  mediocanel- 
lata,  1074  ;  solium,  1072 

Tail,  fish,  L  217  ;  tadpole's,  216 

Talii)es,  ii.  946 

Teeth,  diseases  of,  ii.  866 

Telangiectatic  angeiomata,  i.  393 

Temperature,  i.  259,  473,  691  ;  of  animals, 
ii.  1089  ;  of  body  and  that  of  surround- 
ings, 1090  ;  and  croupous  pneumonia, 
108  ;  equilibrium  of,  1093 ;  normal,  1087; 
regulation  of,  by  nervous  system,  1094  ; 
rhythm,  1089 

Tendon,  regeneration,  i.  308 

Teratoma,  ii.  945 

Testicles,  ii.  371 ;  atrophy  and  hypertrophy, 
372  ;  cysts  of,  373  ;  development  of, 
930  ;  inflammation  of,  374  ;  neoplasms 
of,  379  ;  sinuses,  379  ;  supernumerary, 
371  ;  syphilitic,  876  ;  tubercular,  377 

Test  papers,  Oliver's,  ii.  320 

VOL.  II 


Tetanine,  ii.  988 

Tetanotoxine,  ii.  988 

Tetanus,  ii.  988, 1035  ;  vaccination  against, 
998 

Thalamus  opticus,  ii.  675 
I  Thermometry,  surface,  ii.  1098 
[  Thermo-regulators,  i.  130 

Third  ventricle,  gray  matter  of,  ii.  681 

Thomsen's  disease,  ii.  756 

Thoracic  duct,  ligature,  i.  326 

Thoraco-gastro-schisis,  ii  914 

Thoracopagus,  ii.  943  ;  parasiticus,  944 

Thrombi,  cardiac,  i.  622  ;  septic,  602 

Thrombosis,  i.  300,  302,  675,  il  761 

Thrombus,  white,  i.  300 

Thrush,  iL  446 

Thymol,  i.  149 

Thymus  in  exophthalmic  goitre,  ii.  779 

Thyroid,  ii.  769  ;  as  blood  -  transforming 
organ,  i.  493  ;  removal  of,  ii.  770  ;  super- 
numerary, 776  ;  transplantation  of,  771  ; 
tumours  of,  779 

Tidal  wave,  i.  701,  703 

Tissue,  attraction  theory,  i.  233  ;  counter- 
poise, 280 

Tissues,  elasticity  of,  i.  281  ;  preparation 
of,  for  staining,  139  ;  regeneration,  307 

Tobacco  and  tea,  i.  572 

Tongue,  ii.  443,  448  ;  acute  inflammation, 
448 ;  angeiomata,  449  ;  annulus  mi- 
grans, 451  ;  black -hair,  449  ;  cancer  and 
sarcoma,  450  ;  enlargement  of  follicular 
glands,  449 ;  frog's,  i.  216,  225  ;  as  an 
index  of  disease,  ii.  451  ;  nervous  affec- 
tions, 453 ;  pigmented,  449 ;  pityriasis  of, 
451  ;  syphilitic,  450 

Tonic  function,  visceral  muscles,  i.  632 

Tonsils,  diseases  of,  ii.  464 

Tophi,  i.  643 

Topography,  cranial,  ii.  611 

Tox-albumins,  ii.  993 

Trachea,  fu*nctional  diseases,  ii.  6 

Tracheal  injections,  iL  167 

Transfusion,  L  473  ;  of  milk,  206 

Transplantation,  fcetal  tissues,  i.  311 

Transudates,  coagulation,  i.  840  ;  composi- 
tion, 340 

Transudations,  i.  319,  330 

Trematoda,  ii.  1068 

Tricephalus,  ii.  946 

Trichina  spiralis,  ii.  1064 

Trichinse,  L  332 

Trichocephalus  dispar,  ii.  1063 

Trichomonas  vaginalis,  ii.  1055 

Trichosis  vesica,  ii.  363 

Tricrotic  pulse,  i.  711 

Tricuspid,  disease,  i.  626,  643  ;  valve, 
613,  615 

Trophic  centres,  for  ascending  fibres  in  cord, 
ii.  727  ;  for  peripheral  nerves,  715 

True  aneurism,  i.  670 

Tryptoneemia,  i.  470 

Tube-casts,  ii.  349    / 
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Tubercle,  i.  417,  il  989,  910 ;  and  age,  ISlj; 
and  constitution,  152  ;  contagiosity,  i. 
431 ;  degenerations,  427  ;  and  foetus,  ii. 
153  ;  glandular  complication,  L  429  ;  and 
growth,  ii.  151  ;  and  heredity,  152  ;  in- 
halation, i  434  ;  and  insanity,  it  153  ; 
of  joints,  846 ;  of  larynx,  28  ;  liability 
of  animals  to,  i  430 ;  of  lung,  inter- 
stitial, ii.  140 ;  of  lung,  vascular,  147  ; 
means  of  contamination,  i.  431  ;  and 
menstruation,  it  153  ;  and  mortality, 
152  ;  from  non -tubercular  infection,  i. 
435  ;  and  scroftila,  436  ;  seats,  421  ;  and 
sex,  ii.  152  ;  and  stature,  151  ;  struc- 
ture, i.  422 

Tubercle  bacillus,  i.  419,  434,  605,  il  131, 
135, 144  ;  Ehrlich-Weigert  sUin,  i.  135; 
Fiitterer's  stain,  187  ;  Gibbes'  stain,  137  ; 
Koch's  stain,  135  ;  staining,  135  ;  Ziehl- 
Neelsen  stain,  136 

Tubercular  lung,  absence  of  foetid  odour, 
ii.  145  ;  sputum,  145 

Tubercular  pneumonia,  ii.  129  ;  absence  of 
foetid  odour,  145  ;  cirrhosis  in,  138  ;  dis- 
seminated, 146  ;  healing  of  cavities,  144  ; 
organs  in,  146  ;  spread  of,  145  ;  sputum 
in,  145  ;  stages,  129  ;  vessels  in,  138 

Tuberculin,  ii.  157,  989,  1087 

Tuberculosis,  artificial,  i  429  ;  bronchial, 
ii.  90  ;  genital,  410  ;  and  ingesta,  i.  432  ; 
ptilmonary,  ii.  129 ;  temperature  in, 
1104 

Tubes,  circulation  through,  i.  196 

Tubular  breathing,  ii.  55 

Tumours,  i.  359  ;  of  brain,  ii.  737  ;  classifi- 
cation, i.  442 ;  examination  of,  441 ;  of 
heart,  593  ;  simple  histioid,  381 

Tym^mnitic  sound,  ii.  59 

Typhlitis,  ii.  654 

Typhoid,  i.  18,  19,  ii.  988,  1103  ;  bacillus 
of.  527,  1014  ;  bacillus,  staining  of,  i. 
138  ;  fever,  ii.  522  ;  larynx  in,  28  ;  of 
pig,  530  ;  spleen,  790 

Typhus,  u.  1103 

Tyrosin,  i.  511,  ii.  345 

Udder,  tubercular,  i.  433 
Ulcer,  acute  perforating,  of  oesophagus,  ii. 
461  ;  cancerous,  i.  317  ;  chancrous,  315, 

317  ;   constitutional,  315  ;  diphtheritic, 

318  ;  indolent,  294,  313  ;  inflamed,  315; 
perforating,  317 ;  rodent,  318,  408  ; 
sloughing,  315  ;  syphilitic,  315  ;  tuber- 
cular, 318  ;  varicose,  315  ;  weak,  814 

Ulceration,  i.  313 

Umbilical  vesicle,  ii.  913 

Urachus  cyst,  it  914 

Ursemia,  i.  548  ;  theories,  549 

Urates,  ii.  347 

Urea,  i.  540,  549,  ii.  339  ;  and  bile  secre- 
tion, 187  ;  formation  of,  186  ;  qualitative 
and  quantitative  analysis  of,  341  ;  and 
temperature,  187 


Ureters,  diseases  of,  ii.  364  ;  examination 
of,  t  16  ;  obetruction,  388  ;  tubercnlar, 
it  805 

Urethra,  chancres  of,  it  870 ;  diseases  of, 
867  ;  polypi,  870  ;  stricture,  870 

Urethral  caruncle,  it  421 

Uric  acid,  t  589,  it  346  ;  detection,  t 
543  ;  estimation  of,  it  347 

Urinary  calculi,  it  386 ;  deposits,  organised, 
348  ;  paraplegia,  759 

Urination,  physiology  of,  it  354 

Urine,  t  506,  ii.  311 ;  accidental  impuri- 
ties, 351 ;  alkalinity  of,  329  ;  in  catarrhal 
nephritis,  272  ;  in  cirrhotic  kidney,  285  ; 
colouring  matter  o^  385;  colouring  matter 
and  drugs,  335  ;  and  diet,  339  ;  in  diph- 
theria, 27;  estimation  of  solids,  263;  and 
haemolysis,  328  ;  quantity  in  health,  327  ; 
quantity  in  polyuria,  828  ;  in  wax-like 
kidney,  277 

Urobacillus  liquefaciens  septicus,  it  1015 

UrobUln,  it  198,  835 

Urochrome,  ii.  885 

Uro-genital  sinns,  ii.  983 

Urticaria,  it  873 

Uterus,  it  385  ;  absorption  of  myomata  of, 
399  ;  cancer  of,  401  ;  displacements  of, 
404  ;  erosion  of  cervix,  398  ;  hsmor- 
rhage  from,  400  ;  hernia  of,  408  ;  im- 
mersion of,  408 ;  myo-carcinoma  of,  401 ; 
pol}T)i  of,  402 ;  prolapse  of,  409 ;  smooth 
myoma,  399  ;  striated  myoma,  401  ; 
structure  and  functions,  885  ;  tumours, 
399;  versions  and  flexions,  407;  villous, 
393 

Vaccination,  it  997 ;  chemical,  998 ; 
against  cholera,  1001 ;  with  the  microbe, 
998 

Vaccines,  it  997 

Vacher's  apparatus,  testing  air,  t  155 

Vacuolation,  t  254 

Vagina,  it  418  ;  cysta,  419  ;  inflammation 
of,  418  ;  tumours,  419  ;  ulceration,  419 

Vaginal  hydrocele,  it  420 

Vaginismus,  ii.  421 

Vagus  pneumonia,  ii.  110 

Valves  of  heart,  eflects  of  endocarditis  on,  i. 
610 ;  entrance  of  organisms,  606  ;  mal- 
formation, 620,  621 ;  rupture,  620 ; 
testing,  9 

Valvular  disease  of  heart,  t  500  ;  and  blood- 
pressure,  618  ;  and  cirrhotic  kidney,  ii. 
285  ;  danger  of,  t  617  ;  effects  on  other 
organs,  619  ;  pulse  in,  711 

Varicocele,  it  380 

Varicose  aneurism,  i.  670 

Variola,  ii.  1104 

Varix,  t  692  ;  of  pelvic  veins,  it  425 

Vaso-constrictors,  t  660 

Vasocorona  of  spinal  cord,  it  591 

Vaso-dilators,  t  660 

Vaso-motor  nerves  of  lung,  it  49 
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Vegetations,  i.  598,  602,  608,  613 

Vein,  liquid,  i.  656 

Veins,  i.  660  ;  inflammatory  affections  of, 

691 
Venereal  warts,  i.  399 
Venesection,  I  463,  486 
Venous  obstruction,  i.  324,  326 
Ventricles  of  heart,  dilatation,  i.  621 
Vermes,  ii.  1062 
Vernix  caseosa,  ii.  886 
Vertebrae,  tuberculosis  of,  ii.  854 
Vertigo,  ii.  501 
Vesicles,  formation  of,  ii  881 
VesicO'Vaginal  fistula,  ii.  361 
Vesiculae  seminales,  tubercular,  ii  305 
Vessels,  of  endocardium,  i  594  ;  relation  to 

amyloid,  169 
Vibrio,  ii.  964 

Virchow's  attraction  theory,  i.  233 
Viscera  in  leucocythsemia,  L  513 
Visceral  clefts,  ii.  916 
Visual  cortical  centre,  ii.  624 
Vital  capacity,  ii.  50 
Voice  sounds,  physical  causes,  ii.  57 
Volvulus,  ii.  535 
Vomiting,  ii.  500 

Wandering  pneumonia,  ii.  110 
Warts,  L  398  ;  venereal,  ii.  384 
Wasting  palsy,  iu  754 
Water,  bacteriological  investigation  of,  i. 

167 
Water-brash,  ii.  499 
Water-hammer-pulse,  i.  612 


Wax-like  disease,  i.  167,  689,  ii.  146  ;  of 
arteries,  i.  674  ;  of  brain,  ii.  580 

Wax-like  kidney,  dropsy  in,  ii  277  ;  ter- 
minations, 277  ;  urine  in,  277  ;  varieties, 
273 

Wax-like  liver,  ii  229 

Web,  frog's,  i  214 

Weigert's  hsematoxylene  stain,  i.  80 

Weil's  disease,  ii  200 

Wens,  ii.  886 

Whip-worm,  ii  1063 

Whispering  sounds,  ii  68 

White  swelling,  ii  849,  851 

Whooping-cough,  ii.  8,  69 

Wolffian  duct.  ii.  929 

Woolsorter's  disease,  ii.  1040 

Word-blindness,  ii.  668 

Word-deafness,  ii  668 

Worms,  round,  ii.  1062 ;  suctorial,  1068 

Xanthelasma,  ii  190 
Xanthin,  ii  348 
Xanthopsy,  ii.  190 
Xeroderma,  ii.  883 
Xylol  balsam,  i  96 

Yeast,  ii.  963  ;  composition,  963  ;  condi- 
tions of  growth,  963  ;  fermenting  func- 
tion, 964  ;  nourishment,  963  ;  rose- 
coloured,  974 

Zinc  cement,  i  96 

Zoogloea  masses,  ii.  966 

Zopt^s  classification  of  schizomycetes,  ii.  959 
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